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integrated pest management. (Author/BB) 



discussion of the problems of pesticide 
pest control practices, a definition of 
given along with some examples of its 
descriptioi^of some of the reasons why 



]0e # S|i i|c # At ♦ ♦ ♦ ♦ ♦ ♦ |c 3fe 30c 4e ♦ 4t ♦ 4e 4e 3^ 

♦^ Reproductions supplied \j EDRS are the best that can be. made ♦ 
♦^s from the 'original document. ( ♦ 



# 



publications hi the 
^ council on env/ronme|ital quality: 

^ enviro\nmen1^l quality — the first annual report 

of the council on environmental quality 

ocean dumping — a national policy 

' /" . the president's 1971 environmental program 

toxic substances 

' environmental quality— the second annual report 
of the council on environmental quality' 

• . ^ ' the president's 1972 environmental program 

environmental quality— the 'third annual' report 
J of the council on environmental quality 



■ L 



preface 



3, h»e otl 



The United States, lile other nations, fj^ces 
a dilemma of increasing. foocf^roSoction oft 
the one hand and maintaining environmental 
quality on the other. Pesticide use h;as contrib- 
uted to the control of several ma^jor pests and 
has led to increased rates of fo6d and fiber 
production." But the accujnulation of pesticide/ 
in the food chain, the possible reduction in the 
populations of some fish and. wildlife, and the 
potential threat to man's health posed by some 
pesticides have shown the need to seek 
methods of pest con^tiol to supplement current / 
practices. Neither the United States nor the 
world can afford reduced agricultural prbdilto-v. 
tion, particularly in light of significant prfc- 
jected population increases. Nor can we Jje 
complacent about environmental ^i^nag^ and 
health threats that can occur-from^ pesticide use, ' 
especially when pesticides are used improperly. 

Jji the United States, we are dealing with ■ 
this dilemma in t^yo waysr Theo President has 
proposed comprehensive legislation to regulate * 
the use of pesticides. "Although this legislation 5 
should result in^^uch greater protection to 
humans and the envitomnent, in the longen^run 
we need to provide ^nnore effective and environ- 
nfentally desirable methods of pest control.- 'fhis 
report deals with such v methods — colfectiveli^ 
known as integrated pest management — which 
are aimed at continuing pest control with mini- 
mum adverse effects on the environment. 

Through our examination of integrated pest 
management, we have found that pest control" 
can be improved, with reduced environmental 
4impact and often at lower^costs to the user. Such > 
improvement does not rhean' the elim'ina|.i6n 6f , 
chemical pesticides. When. ixsed properlj^ and 
only when needed, pesticides will be ah impor- 



, tant component of integrated pest management . 
program^ f o^ y^ars to come. . , \ 

Last fall, the Council on Envirohnitental 
Quality began this study of altetnatiV^ methods 
of pest controlrTi number of pest control ex- 
ports were asked 10 serve in an advisory ca^pac- 
ity and many others were consulted. We would 
like to thank all of those involved for Jbheir 
i assistance in this effott/A Jist of major gimtrib- 
utors is included as^n appendix to the report. 

Our report focuses on agricultural and forest 
pests and^mphasizes insect contrpl and, to a ^ 
lesser^tent, weed control. Most of the prin- 
ciples discussed in the report apply as well to 
other types of pest control and to' other pests. 
Research^^fforts, training pro-ams, and imple- 
mentation of integrated pest management wijl^ 
hai^e to Reflect the entire range of pest control 
, needs and pests in order for this approach to be 
fully succ^sful. , ♦ / 

Chapt^^ describes the ext^sive damage 
associated with pests and the continuing' need^ 
for pest control. It also contains a brief de-" * 
scription of the status of current pest contro^^ 
practices and of some of the unforeseen conse- ^ 
quences of pesticides which affect both the en- 
vironment and the adequacy of pWt control. 

Chapter II discusses what mtegrated jjest 
management is, gives some examples of its suc- 
cessful application, and also describes some of 
the reasons why the concept has riot bee^ ap- ^ 
plied more widely. V 

. ^The major techniques which can bemused as 
part of an integrated pest management pro- 
gram are described in Chapterj^III and IV. . 
' Chapter III covers genetic, metabolic, and en- 
viromental control methods. Chapter IV deals 
with parasites, predators^ micnobial agents, aii/^ 
sterilization. 
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Tho conclu(lin<>: chaptiM- covers the rolo- of 
the Federal Govermneut -in the development 
and use of inte<i:rated pest iiiaiiagemeiit. It out- 
lines tlie significant now measures bein'^ taken 
^by /the Administration to stimulate this ap- 
proach^ fi'om expanded laboi*atory research to 
field application and nianpowei* tniinin<>;. 



We hope that this repoi't will be wiiTelyiTJ^Kl 
not/Only by the <i:enei*al public but throughout 
thj. iN^n-icultural comiuunity us well ' 

- KiTSSKi.i. E. TuAiN, (nuiinnan 
John A. Bustkuud 
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a staiement f rom 
the /Secretary of 
akgt/iculture 
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The peat control policjr of the U.S. Depart- 
ment of Agriculture embraces the concept of 
integrated pest management. The policy of the 
Department of Agriculture is to pj^ctice and 
epcourage tlie use of those means of effective 
j^est control which provide the least potential 
hazard to man, his animals, wildlife, and the 
other components of the natural environment. 

A continuing supply of wholesome and nutri- 
tious toed, assurance of adequa^- shelter, and 
protection of the tangible and intangible wtlues 
o\ our natural resources a^re among ^he most 
basic requisites of society today. These essen- 
tials of life, can be maintained only if the de- 
structive pests that threaten them are effectively 
controlled. 

No single method of pest control will always. 



be ' effective. ^WjB- must use a variety of control 
^methods selecting tlie proper method or combi- 
nation of methods for each situation. Using a 
variety of control metliods offers the prom- 
ise of effective pest control and the least poten- 
tial for adverse effect on^the environment. 

This publication by the Council' on Environ- 
mental Quality describes various techniques now 
available, or in the process of development, that 
may be used in an integrated system of pest 
management. I hope that it will be widely read 
so that the concept of integrated pest manage- 
ment can be more fully understo/)d and used in 
our unending battle against pests.' 



\ 



Earl L. Butz 
Secreta)^/ Affficidture 
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Throughout history man lias struggled 
against pests in order to protect liis liealth and 
"^to provide an adequate food supply^. In the 
decade of the "IDSO's, food crop damage duo to 
pests reached an estimated $14 billion per year 
in the United States alone. Despite advances in 
, modern chemical pest control, extensive pc^k 
damage continues. 

Prior to tJie late nineteenth century, plowing, 
plantingVWid watering schedules were the main ' 
methods' us^l to control pest levels. Toward the 
turn of the century and up until t\}ejnid-1940's, 
orgai;iic plant derivatives and minerals, such as- 
sulfuV and arsenic-containing compounds, were . 
used for pest control. Over the last 3 decades, 
they have been largely replaceu by synthetic 
chemical pesticides. . 

Development of synthetic chemical com- 
pounds f aised the hope that problem pests could 
be permajiently controlled within a deOade. But 
this has not been the case^Wkile the use of 
chemical pesticides has increased pro'duction of 
food and fiber, it has also resulted in some un- 
desirable side effects. Some pesticides are both 
persistent in the environment and able to ac-* 
cumulate at progressively higher concentrations \ 
iip the food chain. This proce.ss'of biomagniiica- 
tion for an extensively used chemical may cause 
man and wildlife at the <top of the food chain 
to receive Targe exposures to the substance 
simply through ingestion of food. 

The current shift away from^the use of per- 
sistent chemicals has resulted, generally, in the 
u^ of more acutely toxic materials. An inciVaise 
in* pesticide poiiioning may result^roni this 
Transition. 

In many cavSes, insect •and plant pests have 
built up rcsistance to pesticides,'*requiring ap- 
plication of more and more pesticifjes— often 
with diminishing results. 



Despite the recent emphasis on cliemical pesti- 
cides, a number, of promising alternative pest 

' control techniques have been used to va^^ying 
degrees. The^e involve environnKintal manipu- 
lations or cultural methods (such as changes in 
plantillTg, plowing, ferfTilizing, aird Avat^ring 
practices), genetic changes (iij^-btJClTcrop r 
sistance and pest siisceptibili^)^ biological o 
trols (the release of peswpredators and para- 
sites), pest-specific disenses and hormones, ilnd 
pest sterilization. Use/of tliese techniques a 
with improved methods of applying pesticides 
may| result • in fedupiiig the overall need for 

J. chemical pesticides 

Integrated' pest management is an approach 
which r^iaxirpizes natural controjs of pest popu- 
lations. An analysis of potential pest problems 
must be made. Based upon knowledge of each 

; "^^est in its environment and its natural enemies, 
farming practices are n\odiiied (such as changes 
in planting and harvestinVschedules) to affect 
the, potential pests adverseTy and to aid natural 
enemies of the pe§ts. If available, seeid which 
has been bred to resist the .pests* sjlpuld be 
pllmted. ' ' * . 

Onc(^> these j:)reventive measures are taken, tAie 
field&-rfre nv>nitored to dcteiynine the levels of 
pests, their natural enemies, and important en- 
vironmental factors. Only when the threshold 
level at which significant crop damage frpm the 
pest is likely to be exceeded should suppressive 
measures l>e taken. If these measures are re- 
quired, theii the most suitable technique or 
combination of techniques, such as biological 
controls, use of pest-specific diseases, and even 
selective use of pestichdes/^mustMie chosen to 
control a pest while causing minimum disrup- 
tion of its natural enemies. This approach dif- 
fers markedly from the traditional application 
of pei?ticides on a fixed schedule. 
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'A «^rowinf]: post nianafj^ement industry con- 
• tercel priiimijfly in thc?i SoiitJiSvost and West has.' 
sliown tliat into<j:ratcd post mana^^nient can be 
both effective and ocononiical. Jilthough e^i- 
Mnco of its overall economic advantage is still 
incomplete, its' economic J)enefit for crojJf*^vhich 
use rehvtively lar2;o amounts of pesticides, is 
clear,. Chapter II of thjs report gives se^'ortti 
dramatic exam]3les of cost reductions achieved 
through the use of integrated pest management. 
Por crops using less pesti??des, the economic 
advantage is likely to be smaller except, where 
yields are inV^reased by. improved \%st co^iitrol. 
In general, use of the integrated pest manage- 
ment approa^^i^hould lead to greatly reduced 
environmental eontumi nation fi^om pesticide 
use and to many fewer problems with pest 
resistance and secondary outl)rei0vs while jnjjiil- 
taining or improvijig our current ability to pre-, 
vent pest damagfe! 

In spite of ifs many benefits, integrated ^)est 
nianagement still *not iu- widespread use — 
probably becAuse of a vaviety of attitudinal fac- 
tors as wellL^^^ecQiiomicr and p^rsomiel con- 
straints. Some of \|he rej^(yra include the 
farmers' lack of incentive to cJiangc pe^t control 
practices, the complexity of tliese new manage- 
ment techniques^ fear of ci-op loss, inaVlequate 
inforniiation on economic threshold levels, an 
inadequate supply of trijjued professionals, and 
ft limited number, of fully developed nonchemi- 
cal orjselertive chemical control ine.thods.^ 

Development of these alternatives depends. 
' upon research' and upon knowledge of the pest, 
including its behavior, metabolism, andL^the im-' 
portant ecological factors which a fleet it. 

The Federal Government has inittated pro- 
grams' to overcome thc^se obstacles and to 
encoun^ge the de\'elopment and use of integrated 
pest management, '^hese programs were out- 
lined in the President's Environmental ^Ipssage 
of February 8. 1072, To aid the developiVient of 

ok 



new techniques, the Department of,^ Agriculture 
(USDA), the National Science Foundation 
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(NSF), and the Environmental Protection 
Agency are i;iitiating a new $3,5 niilfion-per- 
year research and de^'elopment effort tO develop 
integrated pest management techniques fornix 
major crop systems., The USDA will conduct 
extensive field tests of promising neV methods 
of detection and control, Thii3.]^)rografli required 
$800,000 in fiscal year 1972 and involves an ex- 
penditure of $2,8 million per year beginning in 
fiscal year 1973, . ' 

To demonstrate the elTectivenesj^of integrated 
pV^t nianagement, the Jfiresident has oi^lered a 
revVw of the more than 3,800 Fed6ral pest cofti- 
trol pn-ograiiis to determine which of the may 
titilizelthis technique. Further, the USDA is 
oxpancling its pilot field pcout progranY^to reduce 
further the t\'olume of pesticides used. This 3- 
year program, w^liich initially focused on cotton, 
is bcmig expanded to other crops which ufc large 
qu;intities of pesticides. 

In order to expand training of professional 
i)\tcgrat^d <|)est inanagei-s, the Depaitments of 
Agriculture and Health, EducatioiT, and Wel- 
fare af(», supplem<futing an e.^isting program in 
NSF to dcvcl(mjlie necessary curriculum and 
trfiining progrj^ip at appropria^e.academic in- 
stitutions. The l/SDA al^o, will c^operat<?. with 
the States to dm^lop programs in laud grant 
colleges for certnication pf private professional 
crop protection specialists. 

The Federal Government is also currently . 
developing standards to prevent agricultural 
workers from receiving hazardous exposures to 
chemical pesticides. - 

Integrated pest management holds the 
promise of Natter pest contra), with minimum 
adverse environiiiental eflccts at lower costs to 
^the farmer. But its widespread adoption 
d^^pends on surmounting a host of technical and 
' attitudinal barriers. The Federal- Government 
can help, but the long-term successof int^igrated 
pest manag(Mnent depends upon the St^ites, the 
universities, the private Irltegrated pest manage- 
ment industry, and ultiinately the farmer. 
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Tlirou«jclu>ut history -pests [uivv tliro^atcnod 
' Uiaiis hoaltli and liis. supply of food and filnT^^.,^ 

/Bihlical - (fay*;, UnMist invasions created 
' faiAim^s. \ fun«^nis disease spread ijirou'^diout 
lrel\iiM eanViji*^ the potato' ftnnine early in'tlie 
l.Otli (Vjvt^ Later in tlie century, tlie Colorado 
potato^ nftrle ravn<^(Hl potato crops .throii«jrlH)ut 
tlie United States. Durnijuf tlie p^fiod 19r)l-(30., 
a^ricidtura'l ci'Op losses due to pests readied ^ 
an ost-imated i?14,;5 billion per year iiv^^ie Knitecf, 
States JilonG. (6V7) Flosses of - forest.jind sliade 
"V-reos and daniago to wood in ^^^ora^^^e are ^'Sti-^ 
niated'at nionr^t^ian $1 l5lHion annually, 

While man struirp:los to produce enough foad 
and fiber to meet liis current noculs, populatic^' 
m*o\vth furriier chalh^v^res Iiis future. At the 



p.revsent rate of pf^piilation increa.se, it uiay \yQ^ 
. neces^sary to (loui)U» or triple a<rVicuItural pro^ 
- .ductio'h to ineet tjie worhl's J'ood rcqnircMucnts 
-over tiie next li nv decades. (7) Foro^t:^ arc 
.'similarly tiireate'ned. • , / . 

. , Worldwide, niodern; technolopes liav/ en- 
rj^'udered a iie\v.a<i^e in a;Ln*icuIturaI i)rpCuu4ion 
(/ftini calltnl '*'rh(> (jrcMMi ]^»voI iitiorrT''^^ I u recent 
years, niait^lias learned to ;iro\/inore on h'SS hind 
and , to obtain <;rcator yieCds f ronr each plai\t, 
'Plant breedi^'^ |oi' hi«^h(jr-([iiality yields, 'irri- 
^^ition,1niproved cultura](nra('tices, ne\v pestici- 
des, and- fertilizers have auTontributed to this 
.revohition, (See Fi;iu(->^.S.') ' . ..^ 

Ti) sustain these~^^<i:her yields, better pest 
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^1 will be required.* -New hybrid varieties 
coriryxnd wlieat have been planted through- 
put the 4vorld, but while offering higher yields, 
they are/ often more susceptible to pest dam- 
«ige. iforeover, the densely planted and,geneti-: 
cally uniform stands provid&,j^ore favorable 
environment for pests andMiscase's. In 1968, the^ 
Food^ and ^ -Agriculture Organization of the . 
United ""Nations reported thaV iiK'reased'^yields 
obtained through improved, seed varieties, ferti- 
lizers, and farming metho<ls were in danger of 
being destroyed by pests and disease. (60) 



•AUhoupirnot thtf fiiibjrct of this report, modern IntenRlve 
njfrlciilfurr hnn also produce*? social slrle effocts. such as 
chanjrea In land ow'nrrshlp anrl in migration from rural to 
urban arruH. Such Hide effects Illustrate both the need for 
und the complexity of u<le(iuate technology asHesHnient, 
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Statistics collected by thej)fepartment of Agri- 
culture show that lossep due to insects and dis- 
eases in the United States have increased both 
absolutely and as a percentage of crop value 
sinc^the 1940's but that the opposite was true 
for weeds. 

Tliiis, although man ha? made great progress 
in developing more efficient agric'iiltural meth- 
ods, improved pest control techniques are 
needed more than ever before, , 



development of chemical pesticides 

Losses due t6 pests were simply tak»n for 
. • granted before the advent of modern pest con- 
trol practices. With the trend toward intensive 
farming, cultivation of specialized crops in- 
, creased inibaLances in nature which provided 
^ favorable conditions for pests to multiply. 

During the late 19th century, U.S. agricul- 
ture, by then a commercial production indus-' 
' "^T, commonly used naturally derjived chemi- 
ca^y£o^"'Jmjvent pest damage. These materials 
are^of two types: organic (carbon-based chen^i- 
^ cals, usually plant derivativTs) and inorganic 
(noncarbon-coiitalning compounds, pre<lomi- 
* nantly of mineral ongin). 

R^eseiirch about the time of Worl^J War II 
demonstrated the pe^ticidal effect ij^eness of sev- 
erf^l^yiithetic orpfanic coiiipounds. Perhaps the 
most\enownedof thes5e compounds, the insecti- 
cide DI^T. sp<)n proved useful for controlling 
li large luiirlber of agricultiirakxind forest in- 
s(*<;t pests. 

While cultural practiees%nd crop strains ge- 
netically resistant to pest (Riimage continue to 
be riuijor fjjctors- in control mig -pest concen- 
trations, the spectacular pest-killing properties 
of pesticide chemicals have caused fai7n^rj5 and 
forest man age 1*8 to rely incrrasingly on their 
use. In many cas(*8/the use of pesticid^l chemi- 
cals has si^^nificantly changed fanning and f :)r- 



1 ■ • 



estry practices. Fdr .example, herbicide use 
ofteftj reduces the uee^tfot crop cultivation, and 
tnus allows closer spacing of planted row^. 

Research initially concentrated on theJnsec- 
ticidal properties of synthetic chemicals! but 
major advances soon occurred in tlie deveiop- 
ftiejit and use of chemicjils for the control of 
weeds, fungi, and nejjiatodes (wonji-like soiJ* 
inhabitants). The use of weed control materials 
has grown most dramatically in i-ecent yeai*fe. 
More progress has been made in the control of 
plant diseases during the past 30 years than in 



all of the preceding history x)f scientific agricul- 
ture, due'in large part to the development of 
new fungicides and bactericides, (tfi) 

As a result of large-scale, testing of chemicals 
• overlie yeai-s, nearly 1,000 chemicals in over 
32,000 pesticide prndu^ts are curi-ently regis- 
tered for use. {61) Figu^-e 2 shows the produc- 
tion of t>}'nthetic organic insecticides, herbi- 
cides, and fungicides from 1950 to 1970. 

Despite the tremendous growth and impact 
of pesticide use, data from the most recent sur- 
vey (19G6) conducted by the Depaitment of 
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U.S. Production of Synthetic Organic Insecticides,. 
Herbicides, anf Fungicides (56) . 
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xVgricultui-e indicated that of the U.S. acres 
, under agriculture, including hay tod pastui^- 
land,* only 5 percent was treated witji insecti-^ 
cides, 12 percent witl^ herbioAjs, 0.5 percent 
Vritlif^ fungicides, and only-O.^^^rcent with 
riematicides (chemicals for k^Bf wornxrlike, 
soil-inhabiting pests)'. (6?7) percentages, 
.would probably be greater today, especially^ for 

. herbicides. . . 

(The, extent of pesticide use depends heavily 
on crop and regional consiclerj^tions. For exam- 
ple, cotton and com accou^ed for almost two- 
thirds of all ^irisecticid6 use, and corn ajon 
'accounted for 4V/percent of all herbicides ap- 

^ plied in agricq^turk D.espite the fact that cotton 
accounts for almost one-half the agricultural use 
of insecticides, au estimated 46 percent of tlie 
total cottoit* -acreage received no insecticide 
treatments. {66,'67) (See Table 1.) ■ ; 

^♦0^ *the 891,000.000 U.S. acres under affrlciilture, appraxl- 
tejy 540,000,000 are haj* and pastureland whlcji recelue 



but a small fraction of, the total pftstlcldes used^ 



contamination of the environment 

Pesticides have Drovid control of many 
J major agricultuml and forest pests, but adverse 
environmental effects have insulted inji reejgalu- 
ation of some of them, esj^ecially insecticides 
and, to a lesser extent, herbicides. The effects of 
most concern an? persistence, biomagnification, 
-and toxicity to nontarget organisms. 

P^istenee — ^the ability of a substance bo re-^ 
n its chemical identity and.biologioal activity 
in the enviroTiment for long periods of time — is 
considered desirable for continued control, but > 
it also causes some environmental problems. If 
a chemical is persistent'— JPor example, DDT or 
Mirex — its continued use will result in accu- 
mulation in the^environment until an equilib- 
rium is reached.'The maximum level of accumu- 
lation of a chemical depends upon its degrad- 
abiMty and the rate at which it is' introduced 
into the environment. 



table 1 



Pesticide Use on Several Agricultural Crops In the United states U6) 



Crops 



Insecticides 



Crop acres 
treated 
(percpnt)'' 



Amoun^; of 
. agrtculturtil ' 
■'.insecticides 
used (percent) 



Herbicides 



Crop acres 
treated 
(percent) 



''Amount of 
agricultural 
herbicides 
used (percent) 



Fungicides 



Crop acres 
, treated 
■ (percent) 



. Amoufit of 
agricultural 
fungicides 
used (percent) 



Crop acres as 
a percent of 

total agricul- 
tural acres 



Nonioodl-.l^ V : 

-'Cotton... 

Tobacco ^ .... 

F<Jod ; 

Field CTops 

Com , 

Peanuts % 

Rice , 

^ ' Wheat .~ 

Soybeans 

Pasture, hay, and range. 

Vegetables : 

Potatoes 

Fruit--.-' - 

Apples- 

Citrus 



1 ■ 
64 
81 

4 

NA 
33 
70 
10 

2 

4 

0.6 
NA 
89 
NA 

92 

....Q7 



60 
47 
3 

NA^ 
NA 
17 
NA 
NA 
NA 
2 

• 3 
8 

NA 

13 



0.6 

62 
2 

U.6 
NA 
57 
63 
• 62 
28 
37 
I 

NA 

69 
NA 

18 

29 



NA 
6 

NA 
NA 
NA 

\\ 
, 2 
7 
9 
9 
• 6 
NA 
NA 
NA 
NA 



\ 



0.6 
• 2 

7 

0.6 
NA 

35 
0 

0.6 

0.6 
0 

*NA 
\ 24 
NA' 

72 

73 



NA 
1 

NA 
NA 
19 
NA 
4 

NA 
NA 
NA 
NA 
^ 25 
12 
NA. 
38 
13 



All crops- . 



12 



130 



0.6 
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I Percent of total agricultural posticl 
NA-Not available. 



1.26 
1.16 
0.11 
98.74 

NA 
7.43 
0.16 
0.22 
6.11 
. 4. 19 
68.40 

NA 
0. 16 

.NA- ^ 
0. 07 
0.08 



NA 
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A perisistent chemicall may concentrate in ani- 
mals or plants and thus enter the food chain of 
both man and \vildlife. If a chemicaiTis used 
extensively and ^s biomagnified, so .tlMit con- 
centrations build up in the food chain, ii^n and 
wildlifeM the top of the food chain may receive 
a large exposure to the sitSuince simply through 
ingesfcipn of ,f oodp An example of increasing con- 
centrations of some chlorinated hydrocatbcvis 
due to biomagnification is given in Table 2. 

, Biomagnification and_persisten^ are a par^ 
ticularNsource of concern wh^n a chetnica'l is 
capable of causing biological effects, e.g., if it 
is acxitely lioxic, carcinogenic (cancer-causing), 
teral^ogenic (causing birth defects), or muta- 
genic (causing genetiq ^alterations) or if it is 
.capable' of causing other chronically toxic 
conditions, 

TiWf2 

Residual Conceotratlons of Chlorinated Hydrocarbons In 
Lake Michigan (5;^J 



Medium 


Residues (in parts 
per million) 




0.0086 
0.41 
3, 0-8. 0 
3177 











Persistence, biomagnification^ and toxicity 
have been the basis for challenging the use of a 
number of pesticides. It is now clear^that poten- 
tial environmental effects must be weighed 
heavily in the design of new chemical pesticides. 

Concern over the environmental ^effects of 
some persistent chemicals with low acute tox- 
icity is resulting in increased use of substitutes 
that are less persistent but often more acutely 
toxic. One consequence may he an increase in 
th6 number of human poisonings resulting not. 
only from accidents and -mishandling but also 
from the exposure^ of field workers' to contami- 
nated surfaces such as sprayed foliage. 



ecological disruptions 

Two otJier important side effects of pesticides 
are the development of pests, resistant to one or 
more chemicals and tlJ^adverse effects of pesti- 
cides on natural pest enemies. Although ' not 
direct hazards to health (except fo^ resistant 
veSf^'S of disease), these factors are of great 
environmental and agricultural concern. 

The ability of pests to develop resistance to 
pesticides dramatiqaJly demonstrates a form of 
microevolutipn. The susceptible pests are killed, 
leaving only those, that are ^netically resistant. 
Resistant individuals constitute an increasingly 
large part of the pest population and pass their 
resistance on to future pppulations.'If all suscep- 
tible peets were killed by a pesf-icide, an entire' 
population y^ould be resistant. 

By 1944, some populations of 44 insect spe- 
cies were knoWn to have developed resistance 
to various insecticides. Current estimates place 
the figure somewhere over 230, half of which 
are of agricultural- importance. (13^ 33) As 
jnore chemicals become useless against certain 
species, the problems of pest control increase 
concomitantly. Populations of sorrie insect pests 
have now developed sucli; high levels of resist- 
ance to all insecticides 'r6gis£6i:ed fpr use that 
substitute^materials are no l<3nger available and 
insecticidal control' is not recoirimended. For 
example; the soybean looper (Pseudoplicsia 
includens) ^ a se^us insect pest, can no longer 
be conjirolled wim any' insecticide registered for 
use on the soybean. (4^) 

Similarly, the resistance of some mosquitoes, 
including the malarial species, has been build- . 
ing up. In Central America, where public healtK" 
autliorities have been combating malaria by 
spraying insecticides Inside houses, mosquito 
resistance to dieldrin was first encountered in 
•vU)58. It was found that the long and intensive 
use of agricultural* pesticides in Central Amer- 
ica ^caused insecticide resistance in- Anopheles 
(dbthianm^ the principal malaria vector qt the 

■ • : y ' 




area. It was subsequently discovered that tl^o 
mosquitoes began to exhibit resistance not only 
to dieldrin but also to DDT (like dieldrin, an 
organochlorine compound), malathion (an 

^ organophbsphate), and propoxur (a carba- 

- mate) — alF the insecticides currently available 
for malarial mosquitoes, {llf) 

In the Canete Valley, in Peru, cotton insects 
were, con trolled with arsenical and'^cotitie sul- 
fate prior to 1949. The average.annual .yield of 
cotton was 470 pounds per acre. A .heavy out- 
break of cotton boll worm and aphids occurred' 
in 1949, decr>easing yield to 326 pounds per 
acre. From 194M:o 1956 growers relied heavily 
on DDT, BHC (benzenehexachloride), and 
toxaphene; they also changed cultural prac-^ 
tices and varieties grown. Initially, cotton 
yields nearly doubled. However, the b^heficjal 
insect populations were decimated, and one by 
one the insecticides became ineffective as resist- 
ance to them developed. In spitei of increased 
applications, pest insects became' rampant in 
the fields, and the 1955-56 season ended in ai\ 
economic disaster. Subsequently, ati integrated 
pest management program was introduced, and 
yields are now averaging more than 700 pounds 
per acf*e. (5^, 61) 

Although extreme, these caies indicate a seri- 
ous problem. Fortunately, resistance has not 
proceeded as rapidly and completely in all of 
the major insect pest species. However, it does 
appear to be perilously near in some of the most 
important insects in the United States — ^the boll 
weevil (a 'major Cotton pest), boll worm (a, pest 
^ on corn, cottx)n, and tomatoes), tobacco bud- 

* worm, sugarcane borer^and rice water weevil. 

^ {If2) A serious outdome of the resistance phe- 
nomenon is that when it appears, no satisfac- 
tory pesticide substitute may be available. 

I Resistance has not yet become a problem in 
weed control, probably because of the slower 
reproduction rate of weeds than of insects. 
Often, what appears to be resistance in a plant 
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species may actually be the replacement of a 
spider mites, or thrips res^ults in the reduction, 
species by one that is i-elatively less susceptible 
to the herbicide used. 

The apparent ineffectiveness of a pesticide 
does not 'necessarily indicate pest resistance. 
Pest control effectiveness 'can ^al so be reduced- 
^by the destruction of natural control systems.' 
Only a minute fraction of the *total num^^er 
o# insects and plants in the environment is 
pests. WJien at normal' population densities, 
most injects and'r plants pose no threat to culti- 
vated crops, and many are important to the 
health and stability of the environment- because 
they control other potentially damaging speciefi. 
^^Many synthetic chemical pesticides . in use 
today 'have T^road-spectrum effects, tl^^^t is, they 
are letHal to a wide ran^e of organisms, includ- 
ing beneficial competitoi's, predatore, and para- 
sites of the target pest. Wlien populations of 
insect, nematode, and disease pests ffre drasti- 
cally reduced, their natuml enemies are gener- 
ally even more severely affected. A resurgence 
in the pest population can then occur, with con- 
sequent increased damage to the crop. As "an 
example, pa^^lithion applied to cole crops (e.g., 
cabbage ana broccbli) may reduce the numbe;* 
of predacious or parasitic insects by 95 percent 
while reducing the pest species by 10 percent or 
less. {69) Even when the nartural ' enemies fare 
not' killed, temporary elimiimtion of their hosts 
can cause thom to emigmte, leaving the crop 
fields vplnerable to the return of the pest species, 
/riius, ill-chosen pesticides or ill-timed applica- 
tion can cause ppolifieration or continuation of 
<a pest infestation. ' . 

Sometimes use of broad-spectrum pesticides 
causes insects which were controlled naturally 
to increase Tn number to such an extent thtit 
they become pests. Tins occurs because th# in- 
sects' natural enemies are killed by the pesti- 
cide. Hence, an insect can be made a pest by 
improper use of pesticides. 
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Secondary pest problems often TcJccur'iji'cot- 
to<. Early season treatment for lygfiu(^aphids, 
of many beneficial ihsects. Thus, la^er treat-^ 
ment for bollworm {Heliothis .?^ich 
thrive^, in ^a predator-free cnvirphMent, is 
required. 

^ The ladybugV Vedcdia^ was introduce^ into 
California from Australia because it preyed ex- 
tensively on a major citrus scale pest. 'For 60 
years this beetle provided effective control in 
citrus groves. Yet when DDT^as used for in- 
sect control in 1946,* the number of ladybugs 

^ was greatly reduced and the sciil^roblem re- 
appeared. Upon the withdrawal ^f DDT, con- 
trol was again established, althotj^h. not f or 3 
years in some groves. (50) (See Figure 3.) 

Sometimes a carefully supei-vised and timed 
insectijide application can kill pests without^ 
decimating the^ pests' natural ^nemies. The host 
insects occasionally can be killed at a timfi'in the 
parasites' life cycle when thej^ are least suscep- 
tible, for exajjiple, while the parasite occupies, 
the body of the pest {20) In such cases, proper 
timing of pesticide applications may allow for 
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A History of Scale on 
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continued partial c6ntrol of a pest population 
by maintaining parasite populations. 

Other examples of ecologfcii*!^ interactions 
that affect pest management can be cited .-Herb- 
icides may increase or decrease insect pest prob- 
lems by altering the habitat of the pest or its 
natural enemies. Some pesticides temporarily 
alter soil fertility and the availability of plant 
nutrients by killing or inhibiting the activity 
of soil micro-organisms, (^i) The sequence in 

, which crops are planted ^in an area can a^ect 
the level of important nemI^^^es, insects, or dis- 
ease incidence. More generally, changes in till- 
age practices, ki water management, iii fertiliz'a- 
ti<5h, and in other crop production activities can 
alter the agro-ecosyStem sufficiently * to affect 
significantly the average, densities of pests, - 
More selective chemicals and applica^ioIl 
• techniques are n^ded to minimize the chances 
of ecol&gicc^ disruptions when applications are 
required. Widespread use of broad-spectrum 
pestiqides, part^icularly insecticides, often leads 
to. development of resistant pests and to dis- 
ruption of natural control systems, creating 
more proJjlems than are solved and adding con- 
siderable expense for the user. If the natural 

* control system is badly disrupted, damage maLy 
occur until the natural equilibrium is restored. 
It would seem that the best way to reduce 
pesticide problems is to eradicate our major^ 
agricultural ai^d forest pests. Only under rare 

. cirjcumstanceii/ however, is complete pest elimi- 
nation possible. In general, pest eradication 
with chemicals is difficult if not impossible wj^h 
current technology. And even if feasible, in - 
most cases the costs would be prohibitive,' One 
of the few circumstances in which an eradica- 
tion attempt with pesticides may be justified,^ 
'Jiowever, is to prevent the sprej^d of an ex- 
treniely localized outbreak' of a pest of foreign 
. ^igin, (Despite the efforts of quarantine offi- 

' cials, new and dangerous pests may be acci- 
dentally introduced,) 
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summary : - . 

ThClie^^^^foinrtt^^ control has never 

l»en greater than at'^p^sent. The use of some 
pi^^ticides, however, hasTesulted in unintended 
, side eflFects Jvvhich either create environmeiftal 
problems or reduce their own eflfectiveness. Not 
^ all 'farms and forests, are experiencing these 
• problems, and they need not. When used at the 
right time and in the right|way, pesticides .can 

o ■ 
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' be effective for years to come. Even some non- 
selective pesticides, when properly- used, "are 
likelyj^p play an important, continuing role in 
effective pest control. 

"Pest contrpl methods can be used to improve 
control effectiveness, minimize adverse enviton^ 
mental impacts^ and reduce overall control costs. 
Chapter II describes the natui*e of integrated 

i pest management. The techniques which can be 
utilized in applying integrated pest manage- 
ment are discussed irf Chapters III and IV. 

^. 

,•■ ■ ■ / ' 
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chapter 11 
integrated pest 
management 

Inte^ated pesf management is an approach 
that employs a combination of techniques to con- 
trol the wide Variety of potential pests that may 
threaten crops. It involves maximum reliance 
natural pest population controls, along with a 
-eombinatiop of techniques that may contribute 
to suppression — cultural methods, pest-specific 
diseases, resistant crop varieties, sterilfe insects, 
\ attractants, aug^nentation of parasites or preda- 
\tors, or chemica^ pesticides as needed. A pest 
mahag Mnen t syste m is n ot siipply biological 
i'^trol - or^'the use of aS^yi^i^le techniqjie. 
^Rather, i it is an integrated and comprehensive 
'1ipproacl> to the use of various control methods 
that takes into account the role of all kinds of 
pests in their environment, possible interrela- 
tionships among the pests, and other factors. 

Components of a control program will vary 
with the type of pest, the nature of the crop, 
and the envfronment in which it exists. For ex- 
ample, cultural practices involving early crop 
maturity, harvesting, and destruction of cotton 
stalks may be an important and practical aid to 
boll weevil or pink boUworm control in South- 
ern'regions, but these same practices would con- 
tribute much less^^Northem cotton-growing 

areas. ^ ' • . 

Sometimes pest management is confused with 
organic gardening, a method that, does not use 
synthetic chemicals. Although in many cases 
synthetic chemicals are not used on a crop dur- 
ing a given seasoj^p the purpose of integrated 
pest management is not to avoid the use of 
chemicals but to use the most effective and en- 
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J y . vironineritally sound^ pest' control technique or , 
A. ■ .^"^binatiori' of techniques for long-range pest 
; . ; control. / ■ ' • > / „ ^ - ' . • 

; The three nyiin components of an'^integrated 
pest mahag^ent program are: maximizing ex- 
. . istiijjjj^atural controls, predominantly Iby cul- 
tural methods, to prevent ehe*buil4up of pests; 
monitoring the concelfKratiohpf pests and nat- 
ural control factors present to determine the 
^ need -for further measures ; ^nd usipag ^the most 
appropriate technique or combinatioi^'of pest' 
suppression techniques, only^^hen necessary, to 
. prevent economic iiamage to the crop. 

As will be demonstrated by later example^, 
\ craps under in^grated pest management need 
^ not produce lo\ver-q\iantity or -quality yields. 
> ' In fact, b<iitlh the quantity and quality may be 
, noticeabry improved. 

\ "With careful monitoring, disruption of tihe 
' \ ecology can be minimized. Because most crops ' 
tolerate mrying lev^s of pest populations, ap- 
plying pesticides or taking other action is not 
necessary until it is apparent that these levels 
. will be exceeded. Control measures are necessary- 
only when a pest has redched or is rapidly ap- 
proaching an economically damaging levelrand 
there jire, indications pliat natural control mech- 
r ahisms cannot prevent dalnage. Only through 
monitoring and knowledge of economic injury 
^ levels can the real need for pest control be 
determined.'' 

Approximate economic tlhresholds have been 
establisflied for some of our major crops. But 
thresholds need to be ascertained for a great 
many md^e crops, pests, and physical conditions. 
Economic^ threshold levels ntay vaiy from crop 
to crop and from area to area and are dependent 
to some extent upon rainfall and oiher weath(ir 
conditions. Further, econonih threshold le\^ls 
will vary during the cour^ of development of a _ 
crop. It is expected that threshold data will'have ' 
to be modified as farming practices change f rom> 
year to year. 



The economic threshold will tell the fa;Xer 
Of crop protection specialist the level of pests 
that can be tolerated without significantly dam- 
aging the crop/ Monitorhig of pest populations 
and natural. conljroHing factors can establish the 
i^d, or the lack of need, for control measures, 
population assessment is acOiieved in a variety 
of ways, depending upon the crop and the typ^ 
of , pests invblved. For example, some of our 
major insect pests may be monitored by traps 
baited with na^^ural or syntSi^c lures or^by 
light traps. It is likelyr^that this technique will 
be used to jl greater extent as research pVo- 
gresses. However, the most common metho(^con- 
sists of field sur>'eys conducted by pest control 
sc<Hits, using monitoring techniques that hate 
been developed for many of our major pests. 

Field scouts survey the types and concentra- 
tions of beneficial insects, otiher natural enemies, 
and important physical and climatic conditions 
_ in an area. An experienced crop protection spe- 
^ciallsVcan judge from these data tihe need for 
action to mitigate developing pest problems, ( 
The benefits of using field, scouts in supervise^ 
pest control programs, demonstrated on a small 
scale for several years in many cotton-producing 
States, are being further demonstrated by two 
cooperative Federal-State projects ifi'itiated in 
1971 by the U.S. Department of Agriculture 
(USDA). These projects invx)lve cotton in Ari- 
zona and the Southeastern United States and 
tobacco in North and South Carolina. A scout, 
, us\ially of high school or college age and with 
sojne knowledge of entomology, is trained ^o 
identify and measure detrimental and beneficial 
insect levels. Each scout covers about 1,000 to 
2,000 acres. He collects data and reports them to 
an agricultural extension agentfwlho compiles 
the results. Tiie agent then advises the farmer 
on what^pes of controls, if any, are necessary. 

The use of scouts has resulted in some dra- 
matic benefits and changes in pest control prac- 
tices. The money sjived from reduced insecticide . 
use more than com{>ensated for the cost of the 
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, field monitoring. In the cotton program, for ex- 
ample, the $1.()0 to'Sl.aO p^^racre cost for uskij 
scouts resulted in u larg# reduction of tot^ll 
' control costs. Overall, it saved the farmers in 
the program more thai;i^2.76 milliin orf 220,00 
acres- (^^), or $12.50 per acre less than the co|t 
o^ the average chemical c(5ntrols used on cotto; 
f The greatest s^Rgs J5)^urred where pesticid 
were pre\'io\isly applied -routinely througljoul? . 
the growing season, without regard to pest pop- 
ulation levels. Average yields per acre actually 
inoreased^from this program,. • ^ 

Although surveillance is used to detect the 
buildup, of pests, every effort should be made to 
preijent'eleArated pest levels from occurring in 
tlhe first pla«e. JEnvironmental manipulations 
and resistajit crop varieties- .can prev^t sii/ch ' 

tingr- 




pest buildups. Changes in fertilizing, plant: 
and irrigating s<ihedule& can create conditions^ 
unfavorable to a pest. Use' of ground, cover cropS 
and similar methods can often produce a more 
favorable environment for pest predators and 
' parasites. These measures ma.ximize the existing 
natural control system, the key to good pest 
management. ' 

When surveillance shows that a^pest popula- 
tion is rising to damaging levels despite meas- 
ures taken to foster the natural control system, 
steps must be taken to prevent crop injury. De- 
pending upon the crop, pest, geographical lo- 
cation, season, \\'eather, and a Atiriety of- other 
factors, one or more teclmiques can be employed. 
In the interest of longrrange pest control, the 
method selected should create. -minimal ecologi- 
cal, disruption. Only when pest populatio;is are 
near economic thi^hold levels — despite^ 11 ef- 
forts to cont^*ol them— should one use method^ 
sudh a§the broadcast use of a nonselective pesti- 
cide, tlhat could disrupt the natural ecological 
control systems. When disruptive methods are 
iised, care should be taken to restore the natural 
equilibrium as quickly as ix>ssible. 

It -is becoming apparent that ecological con- 
trols, suclx'as tliosc piwided by naturally occurr 



ring prenators, parasites, bacteria, and viruses, 
are vit4il to the reduction of pest problems. Any 
significant decrease in ,the levels of these bene- 
ficial controls can cause otjtier plant and animal 
speeies tar increase to .damaging ^levels.^J is 
therefoijor unwiSe to rely on liny methyd ^fiat 
^ill disrupt the natural control systewn 'even 
{empoyarily unless there is great certayity that 
the target pest can be permanently eriidicated or 
uilless other alternatives fail. Methods fcTr con- 
* trolling pests should either foster the naturally 
occurring controls , or be very specific^ in their 
action against the pests. Applications of pesti- 
-^cides often db not meet these criteria becausp of 
their effects on nontargef species./ . ^ 

The geueral concept of integrated pest nian-* 
^g&irfent— based on maximizing existing nat- 
-^al controlling factors, on monitoring pests 
and natural enemy conditions, and on using 
pest suppression measures only if and when 
needed — is a sound one that shoulS for;m the 
basis for dealing with a wide array of agricul- 
turar pests. Enough information is now avail- 
able on most major crop pests and on methods 
for their control that immediate and substantiiil 
progress should be ^possible in maintaining pest 
levels below economically damaging levels with- 
out severe environmental consequences. There- 
fore, it is important to continue to press forward 
in the implementation' of integrated pest man- 
agement systems on as many crops as possible. 
The development of new control methods and 
improvements in the integration of various 
techniques can be expected as research pro- 
gresses and as we profit from experience. 



applications 

Experience with integrated pest management 
is limited. It has been practiced in scattered lo- 
cations throughoilt the. United States and to a, 
lesser extent in other parts of the world, but 
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only a^ew efforts hav^ been conducted on a 
large stale. 

The initial success of USDA programs was 
' mentioned in Cliapter I. In addition, successful 
* programs based heavily on *field surveillance 
are currently being undertaken on apples in the 
State of Washington and in Novk Scotia. In 
the Annapolis Valley of Nova Scotia, a majority 
of the apple growers , have, used (i program of 
integrated pest management sifice* the late 
1950^s. {16) These efforts show that significant 
improvements can be effected thrbugh the use 
of field^surveillance by adequately trained pest 
managers. ' t . J 

An integrated pest management service in- 
dustry has jieMeloped in California and p'arfs 
of Arizona and Texas. Nearly 30 small com- 
panies sell their inte^g^^^d pest management 
stevices on a per-acre ,bas^j<Cb£ VjjialDility o{ 
this smtill but expanding industry is a' measure 
of its _potential.-Th^ California Fagn Bureau 
found that cotton,\itrus', and grape farmer's 
using these private integrated pest management 
firms reaped increased net profits, (before 
taxes) of 22 percent. (58) 

The use of integrated insect management on 
grapes in the Delano, Calif., area resulted in 
lower pB$t control costs. Conventional insect 
control on grapes in the area involved two appli- 
cations 6f Zolone (for leaf hopper and Pacific 
mite) and' an application Df ^^Parathion (for 
grape m.p^lybug and omnivorous leafroller).' 
Undet^an integrated ir^^ management pro- 
gram, insect populations were monitoredj When 
treatment was necessary, a combination of prpd- 
ator release and chemicals kept pestMevels 
down. The new program resulted in yields com- 
parable to conventional .control at a cost of 
'but $16 pel' acre, compared to $48 per acre for 
the conventional controtX This threefold sav- 
ings in control costs also resulted in an overall 
increase of 7.3 percent in riet income. {58) 

Similar results have be(^ obtained in gv<^ves 
of Valencia oranges. Dcpendin^^ rof/al ^pesf 



cl^nditions encountered' by the grower, the cost 
per acre for integrated pest control ranged 
fi*om $45 t6 $54 i^ Tulare County, Calif., coifl- 
pared' to .traditional pe^t* and disease acontrpl 
costs of approximately $100. This repres^tS 
afeoiit a twofold^ savings in pest control costs 
and an 11.2 percent saving in overall costs. {oS) 
-Another example of integrated insect man- 
agement involve^y^OO acres of tomatoes near 

^-Los, Banos, Calif. Although sprayiftg^as con- 
(iucte^ 4 or 5 times each sdhson, at a cost of about 
$20: to $30 per acre, damage fr^m the fruitworm 
■continued. An integrated insect management 
service was ab^'to decrease costs to between $8 
and $10 an acre with effective control^ — nearly 
a threefold reductiopidn insect control costs. No 
sprayings whatsoever was necessary Jn the 
secondy-ear of the program, and. during a total 
4-year period, only 10 percent of the tomdto 
acreage needed any pesticide t|*eatmeht. {51) 

" Although evidence of the .overall economic 
advantage of integrated pest management is still 
incomplete, it seems reasonably w,ell established 
for icrojps such as cottmi, apples, and citrus, 
which currently use relatively large amounts of 
pesticides t-6 control pests. For crops using less 
pesticides, the economic incentive is likely to be 
smaller except where yields are increased by 
improved pest control. For the latter 'commodi- 
ties, no firm economic conclusions can yet be 
made because of limited experience jvith 

integrated pest management on these crops. 



obstacles to be overcome 



Despite its many benefits, the integrated pest 
management approach is still not in widespread 
useT— probably because of a variety of attitti> 
dihal factors as well as economic and personnel 
constraints. Some of the reasons include the 
fanners' laclc of incentive to change pest con- 
trol practices, the complexity of these new nian- 



-agei^eiit' techniques,- fear of crop loss, inade- ' 
quate information on economic threshold levels 
for various pests, an inadequate supply of suit; 
ably trained professionals, and a limited num- 
Ifer of fully developed nonchemical control 
n^ethbds. , ^ ^ 

- - "One of Hie most implant reasons for the 
limited use of integrated pest management is 
the absence of any impetus for the^ farmer to 
change current practices. He is accustomed to • 
^ using pesticides, has generally not encountered' 
sufficient problems ajad side effects to'-warrant . 
his seeking alternative approach, and is a 
recipient of free advice from representatives 
of the chemical indiistry. ^ 
^The lack of experiqpce with integrated pest 
management may lead, farmers to fear crop loss 
^ or to have a sense of in^ctirity about unknown, 
untried, or more complex methods of pest con- 
trol. Most nonchemical tjechnique§ are • more 
sophisticated than use of pesticides-, and rarely 
can they Jbring about the iniinedia|te pest reduc- 
tions obtainable with chemicalg. Moreover, 
many farms and forests are operated on rigid 
timetables, and regular application of .pesti- 
cides may be more convenient 'than a pest man- 
1 agement program dictated by field conditions. 
Because of these factors, it will be necessary for 
the economic benefits of integrated pest man- 
agement tS be demonstrated to the farmer in the 
field, as is now beifng done in scattered kcations. 
But even if the benefits were known, the fear of 
crop loss from use of these techniques would 
still be an impediment to their use. 

Because of the farmers' fear of crop loss, crop 
protection specialists making pest control recom- 
mendations may'feel the'^need to carry malprac- 
tice or liability insurance, which presently is 
not available. Such liability coYisiderations 
probably discourage some individuals from 
entering this job field. 

Perhagg the greatest obstacle, however, is 
posed by the lack of skilled manpower. A broad- 
scale integrated pest management industry has 



not developed b(^use of the^ecent state of de- - 
' velepoment of ISitegrated pest management 
technique and farmer rissistance. Until inte- 
grated i^st management ^airis wider recogni-. 
tion as a sound approach to pest control, an 
a4equate supply of professional crop protection 
Specialists will likely be lacking. 

The avtfilabiilby of specialists as al^p limited 
by the number ,ttf mstityions that offer appro- 
priate training pi%g^<^s5 ^hi^^^ turn, is 
affectedi>y the demal^d-fordntegrated pest man- 
agement. Qualified individuals are not ^et avail- 
able in many areas of the country. Crop protec- 
tion specialists Require a broa(f ly^erstanding 
of pests, including |n§^cts, weeds,; nematodes, 
and fungi ; their identification, behavior, and • 
life, cycles; their Tfatural control agents and 
other Bn\^^t^mental influences; economic thres- 
holds ; crops and modern farming practices ; and 
compIete>nd up-to-4ate knowledge of control 
'measures. Training programs f&r thes^ indi- 
viduals require heavy emphasis on a number of 
disciplines^n the physical, biological, and agri- 
^ cultural sciences as well a^ extensive field ex- 
.perience. Not many will undergo the rigorqus 
training without some assurance that integrated 
pest management offers a ' career opportunity. 

In ^iddition, individuals qualified as crop pro- 
tection specialists will .want some recognition 
of their training and will need protection from 
criticism 06 the' practices of less-qualified indi- 
viduals. Such recognition of qualifications is 
also important to a potential crop protection 
• specialist because it ifiay influence his ability 
to obtain adequate liability insurance coverage. 

As the potential of integrated pest manage- 
ment gains wider recognition, most of the ob- 
stacles desci/ibed a'bove will become less of a 
hindrance. The fact, that pest problems con- 
tinue to develop with current methods of con- 
trol will be a greatet- impetus to look for new 
approaches. As new pmctices reach the field 
and arc successful, they will gain wider recog- 
nition. 
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Estimated Potential l^power Requirements for integrated Pest Mahagem^t' (61) 




«^Ba3ed^^n;^&^fe^^t po^?.000 acms and ono professional cropT^rotectlon specialist per 30,000 acres. Total may not add due to roundlns 



'Fear of crpp loss is sometimes overgmpha- 
->^ze<i,. Fields under the supervision . of an ,ex- 
perienced professional pest manager shpul^ be 
* .iletes susceptible to crop loss^.^Once,an economic 
threshold is established and a field is monitored 
contijiuouslyy the. specialist will taTce whatever 
/"^ontfoj nvcasures a^e necessary to keep the pest§- 
f below damaging levels; The risk of^crop loss 
^is^rednced, because fluctuations in tjie l^v^l of 
^ '^-pests are likely to ocoHiumore slowly .in areas ^ 
under maximized natural control than in areas 
-wilere ecological disruptions^ -such as , .those 
*capS6<^ by tmwis^»p€?sticide have o^jcurred. 
^ ' Even constraint's suc^' tSe* state of devel- . 

opment of new^chniques and the availability 
''-^bi skilled jnanp^vectsjipqld'be less of anrobsta- 
cle in the future. The concept of maxirrjizing 
the use 6f natural cp^itrol systems an^^ of Hsing 
pest suppression techniques only when^ neces- 
sary can be applied^fegardless of the t}q)e of . 
suppression technique used. Untir economic 
^v^hresholds are determined, it be necessary, 
^*Sv conduct pest suppression to keep -pest popu- ' 
laxion levels at a conservatively- low level, but 
as. thresholds are determined and neMr tech- 
niques are further "developed,, one Ain expect * 
integrated pest management- to* become _ever 
' more effective ^nd economiq^il. Also, 'as the ca- 
reer potential of crop protection specialists 
; gains greater recognition, training programs 



^ should develop rapidly. The potential ne^d for 
* such specialists is shown in Table 3. 

The Federal Government can stimulate the 
ctev&lopment of integrated pest management by 
rnaking it a^.viable -career and by developing 
and testing alternative pest management fech- 
niqiie3. The Administration's program to ac- 
coniplifeh these ends;is described in Chapter V. 



summary ; 

For several agricifl^ral crops now receiving 
heavy pesticide applications, the effectiveness 
and -"economic advantages of integrated pest 
management have been well demonstrated. Ob- 
stacle which currently prevent a wider use of 
this approach incLrfde the farmers' lack of in- 
ceiitive to change pest control practices, the, 
complexi^y^ of th^se new jnariagem^nt tech^ 
ni'ques, inadequate information onyecon'omic 
levelSj an inadequate supply of trainect profes- 
sionals, and a limited mimber'of fully devel- 
oped nonchemical contfCT* techniques. '^Because 
it offers the ..promise of more dependable pest 
contrql with minimum adverse enyironmental 
effects, often at lower cost, the obstacles to more 
widespread adoption of integrated j^t man- 
^agement should begin to be overcome. / 
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chapter iii ^ environmental, genetic, 
and metabolic approaches 
to pest control 



Altliougli much of the ciuTcnt pest roi; 
i*esearch is confined to chemical pesticWes, a 
m-owin<i; recognition of adverse side effec^s-luis 
gradi\(iny led to a search for alternative, c^on- 
trol methods: Some nonchemical techniqnes 
have been known for centnries and others are 
of mnch more recent discovery. Many methods 
which seemed promising years a;L!;o remain 
promising but untested. 

The previous chapter discussed integrated 
pest management as a concept with ii few exam- 
ples of field applications. This chapter and the 
one that follows describe several alternative 
niethods of pest control which nuiy be used 



singly or in combination as part of an inte- 
grated program. 

A number of pest control alternatives holding 
considerable promise have been used to varying 
degrees. The technicjues involve the usC/of envi- 
ronmental manipulations or cultural methods 
(such as changes in^planting, plowijig,firriga- 
tjon, and other farming pt^actices), genetic 
changes (in lK)th crop resistance and pest sus- 
ceptibility), -{ind metabolic approachcis (such 
as the use of se.x attractants or hormones which 
influence insect development). Biological and 
genetic methods, such as the release of predators 
and [)}irasites and the use of resistant varieties, 
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/^C|5^ji^also bo used to supplement these techniques, 
5ttt* of them reduce the need for cheinHjal 
pesticides,! " / 

i'*^ The development of these alternatives de- 
pends upon research and upon knowledge of the 
pest, .including its' behavior, metabolism, and 
the" important environmental factors \yliich af- 
fect it. Lack of such understanding lias hindered 
progress and the development and evaluation 
of alternatives. 



environmental manipulations 

Environmental manipulations (or cultural 
methods) require changes in: standard farming 
practices to change the pests' environment ad- 
versely or to improve that of its natural enemies. 
These changes in farming practices can occur 
in land preparation and cultivation, crop rota- 
tions (the sequence of crops planted in a field), 
fallows (idle periods in field use), timing of 
planting and harvesting, and timing of irriga- 
tion. Also, pest-free seed, addition of soil or- 
ganic matter or nutrients, and the removal of 
plants which may provide food or shelter for 
the pest can be used to curb pest concentrations. 
These practices are important because they 
strongly influence the habitat, availability of 
food, reproductive areas, and protective co^er 
' of a potential pest or its natural enemies. 

Often conditions that optimize crop produc- 
tion also favor increased insect levels. Exclusive 
production of a single crop (monoculture), for 
example, can result in the proliferation of 
insect-damaging species that feed on the crop. 
Forests which contain only one or a few species 
of trees provide an excellent opportunity for 
buildup of insect populations or the spread of 
diseases such as the DutcK Elm disease. Changes 
in irrigation and fertilizer use can furnish more 
favorable habitats for both insects and weeds 
by providing pools of water for the reproduc- 



tion of some h\sccts and by providing the nu- 
trient and wate\iiee^s of weeds. 

Just as environinentalvmodifications can cre- 
ate conditions favorable toinsccta^velopmfent, 
environmental conditions often can Oif modified 
to affect populations advei-sely while at the 
same time remaining favorable for optimum 
yields. For example, fai'mers have plowed their 
fields for centuries for a variety of reasofis, 
including soil aeration and weed control. Plow- 
ing, however, can also provide valuable control 
of insects by physically destroying them during 
the soil-inhabiting period of their life cycles. 
SpriTig plowing can destroy up to 98 percent of 
the corn earworm pupae that survive the winter. 
(70) Research indicates that even alterations 
in plan! spacing may i^ifluence insect popula- 
tions by changing their microliabitat and the 
density of their food supply. (70) 

Changes in planting and harvesting sched- 
ules can make tllie crop less available as a habitat 
during critical stages of insect development. 
Planting cotton seed over as short a tipie period 
as possible, for example, allows cotton to mature 
simultaneously throughout the planted area. 
This limits the number of boll weevil and pink 
boUworm generations by minimizing the dura- 
tion in which mature cotton is available for at- 
tack. By destroying the stalk after, harvest — 
the winter habitat of the boll weevil— the ability 
of that pest to survive tllie winter is reduced. 

Diversification of crops lessens the number of 
any particular insect species by limiting the 
availability of a single food source. In so doing, 
diversification may simultaneously provide an 
alternate food source for either the insect pest 
or its natural enemies and suitable conditions 
for the natural enemies to reside or I'eproduce, 
* If alternate food sources are available for 
j)rc>diitors or parasites that prey upon an insect 
pegt, population IfiX^els of the naturaV enemies 
will be less affected by fluctuations in the pest 
populations. Normally a pest population can 
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increase relatively quickly in an adequate liab- 
itat with the ^crdp as its food source, while pred- 
ators anil parasites do not become established 
until the pest population (their food source) is 
established. If the natural enemWs of the pest 
can be sustained through alternativtj food sup- 
plies, the pest can be held in check more 
effectively. {21) 

Strip cutting 'has been used to a limited extent 
to maintain a suitable envimmnent for natural 
controls. Strip cutting involves harvesting only 
a fraction of a crop at one time (usually one- 
half or one-third) in order to preserve a stable 
habitat for natural enemies in the unharvested 
portion of tJie field. The cut portion is then al- 
lowed to produce new growth Avflrile another 



poition is harvested. Planting and harvesting 
of the field are so timed tfliat maximum yield 
can strll be maint^ifned. {7^) This method has* 
been successfully demonstrated in Cajlifomia 
alfalfa fields and is particularly pix)mising for 
warmer i-egions of the United States wlioretliere 
is an extended growing season, (See Figure 4.) . 

In u similar procedure, flies have been con^ 
tix)lled in cattle feed'lots by continually remov- 
ing only a fraction of the accumulated manure 
in order to ma*intain adequate leVels of the fly 
imrasites in tilie remaining manure. {30) 

Disease- fi-ee seed, combined with ciV)p rota- 
tion, has controlled several seedborne diseases 
of vegetables such as cabbage, turnips, cauli- 
flower, celery, and garden beans. (5, 72) 



Fl{ura 4 



Average Number of Natural Pest Enemies (Predators and Parasites) per Acre in Alfalfa Fields (60) 
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CrojMgtation, the sequence and types of crops 
plant^l^^ be used to reduce cix>p damage from 
nematoois (wonn-like, soil-inhabiting i^este) 
and diseases, as well as to improve soil. Al- 
though the most effective control of Verticillium 
wilt disease in cotton is .through the plajiting 
of resistant varieties, planting grasses, sorghiSm, 
small grains, and corn in rotation with cotton 
tends to reduce losses caused by this disease. 
(47) 

Althoug*h rotations oan seldom control more 
than two or three species of nematodes, they are 
~an important control method for the major 
nematode problems. 

Removal of crop residues — crop sanitation-^ 
is a valuable approach in reducing diseases, in- 
sects, nematodes, and weeds by removing the . 
food or habitat of the pests.. Standard practices 
involve the complete burial of croj) residues, 
bumjtig of crop residues, and cultivation to 
destroy those plants wliich ^have seeded them- 1 
selves. Unfortunately, some good crop sanita- 
tion practices may cause environmental prob- 
lems of their own. For example, cultivation 
f>ractices oan leave fields exposed to serious 
' water and wind erosion, and the burning of crop 
.residues adds to air pollution. . 

Preventing weed growth is the most basic of . 
all weed controls. Complete prevention requires 
such environmental manipulations as the usepf 
. ^eeds free of any weed seed and proper quar- 
"^antihe and regulation of con<j5^minat^d.- cirop 
SHeeq?- Other preyeutive weed:NContiol'.techniqyes-^ /^ 
involve '.phjcsica^^ ftieth^ds, such as tilting^ (by,.'; 
^otfi "li|ind and machirie), mowiri^i>.flb^^^ f 
ajid^'smotftenhg with/nohliving :;nj[tteri^^ 
The most effective a^eint in m;c)p^a^ 
.control, however, is' the crop" it^cil^.^uV'^^ 
ously growing Qrojp or sufficient detv^tY^'^vi^^'^^ 
. compete with any annual w^eds: In' mal^^y, 
stances, weed.c^ontrol measures are need'eii only \ 
to protect the crop until it is sufficiently estab- 
. lished to compet^^ effectively. 



plant breeding and genetic factors 

Bree/ling pest-resistant crops has been one of 
the most successful pest control techniques for 
pests otlior tlum weeds. There are now 152 va- 
rieties of 23 crops resistant* to nematodes {26) y 
more tlum 100 plant varieties ^-esistant to a 
total of 25 insect pests {39^ 55), ami probably 
at least 150 varieties resistant to a great diver- 
sity of plant diseases {35). Ideally f|resistance;^ 
factors for insects, diseases, and nematodjre 
should be incorporated into every crop. 

Even paitiaV resistance 43f a crop variety can 
greatly reduce the economic damage from an 
insect and thereby the need for other pest con- 
trol measures that may disrupt natural control, 
{53) Thus, use of a resistant variety easily fits 
into the existing ecological pest control system 
for any crop. Insect pests that are controlled 
by resistant varieties include the Hessian fly, 
wheat stem sajjyfly, spotted alfalfa aphid, and 
European corn borer. 

In 19Qp, .less than 1 percent of the total U.S. 
acreage in agricultural production used resist- 
ant crop varieties developed by/man. In 1965, 
more than three-fouiths of the total acreage in 
production, was planted with varieties which 
did not exist prior to 1900. Most of these varie- 
ties incorporate varying degrees of resistance 
to one or more important diseases, insects, and' 
nematodes. Without the development of varie- 
ti^, i-esistant. to certain destructive pathogens 
and aimed at high yield and.qu^ility, commer- 
cial procluc^^f of Sojue crops AvQuld literally 
.liave ceased w ajeas of this country. For 

'cerjtfhi. grains,' 95 to 98 pei:cent of the total 
acreage IS planted witfi resistant varieties that 
teve l)een 4eA'oloped in the las {Al) 
""J^U general, plant resistance to insects appears 
t6/be^ reasoiiiibly durable. In the case of wheat 
/tlxtit resistant to the Hessian fly, control h\ 
some varieties still exists after e30 yeai^. How- , 
evei-, new biotypes of Hessian flies that can at- 
tack resistant wheat varieties continue to 
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Appear. Also, there is some evidence that the 
spotted alfalfa aphid may have oyercomQ the va- 
riety of alfalfa%red to resist it' (45) Never- 
theless, even in alfalfa, genetically rfesistint. 
strains continue to be an impoiTOftt form of 
pest control. 

Developing resistant plants is a slow process. 
Ten year^ or more are usually required to de- 
velop a variety with resistance to a single pest 
and perhaps twice as long for two or more 
pests. Multiple re&istance is needed in crops, 
however, and progress is being made toward . 
this goal. For example,, barley varieties with' 
resistance to five diseases and tobacco resistant 
to six diseases are now available in certain 
areas. 

Despite the lengthy development time and 
the costs of developing -resistant strains, the 
economic i-ewards are gi^at The total cost of 
research conducted by Federal and State agen- 
ci& and private comp/inieJj to develop resistant 
varieties for the JHessian flV, wheat stem saw- 
fly, European com borer, and spotted alfalfa 
aphid was about $9.3 million. But the annual 
savings in re<:luced losses to the farmer is esti- 
mated at $308 million. The net monetary value 
of the research is about $3 billion over a 10- 
year perio<:l, or a return for each i^esearch dol- ^ 
lar invested of apj^roximately $300 in reduced 
crop losses. (^5) 

New concepts in breeding for pest resistance 
place heavy emphasis on genetic diversity in 
the control of plant pests. (77, 34^ 59) By mix- 
ing resistant and susceptible varieties, there is 
less chance of developing strains of pests which 
have adjusted to their environment in^a manner 
similar to the development of insect resistance 
to specific pesticides. The disastrous outbreak of ^ 
soutHem corn blight in 1970 has emphasized the 
fallacy of relying on a single genetic system. 

Future work with genetics may be ^xtended 
beyond plants to jnclude insect pests. This would 
involve the search for traits that increase an in- 
sect^s sus<?eptibility to pest control measures. By 



rearing/ irf captivity strains carrying this 
susjceptibility, planned releases would be able to 
spread the trait throughout the population. 
{70) Although s'ome research has been^ per- 
formed on this technique, 'it has not yet been 
field tested. 



metabolic alterations 

Insects rely heavily on smell to find mates 
and food. Many female moths emit a selective 
sce^>ty4 sex plieromone or sex attractant — to 
lure males of their, species. {S)- Boll weevil 
males also produce a sex pheromone which at- 
tracts both sexes, but after hibernation they can- 
not produce the scent until they feed on a cot- 
t6n plant. Many ants lay^ trails to guide others 
to a food source. Bumble bees and stingless bees 
also use scents to designate paths to food sources. 
A parasitic wiisp locates com earworm eggs by 
their odor. Many blood-sucking pests locate ani- 
mals by detecting the carboii dioxide and other 
odorsof their breath.^ ,J * 

Each pheromone is rfeo^nably specific in its . 
effects and is effective pi extremely minute 
quantities. When ^ts cheraicM structure is identi- 
fied, a pheromone can bl^jyntheslzed for use as 
an attractant in the field to lure the pests to a 
-trap, and a sex pheromone can be used more* 
broadly to. confuse the males who are then un- 
able to locate the females. 

In an effort to control the gypsy moth, 300j- 
000 strips of paper containing a sejc ^phero- 
mone were dropped on each of several infested 
40-aCre regions in the Northeast. The odor per- 
meated the air, overpowering natural female 
pheromones. The male guidance systems were 
disturbed in much the same way that radar 
is jammed in military operations, so that the 
males could not find females with which to mate. 
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Tlie effectiveness of sex attractants for pest 
control is still in the . testing stage. Their use 
seems tfliost promising in areas of light 
infestations, - 

Traps toated on the insidfe with a sticky fly- 
paper-like substance "impregnated with an at-; 
tractant to lure males inside Jhave, long been 
used for detection of the gypsy moth in the 
Northeastern States. In 1971, traps weref baited 
with synthetic pheromohes. Economics ^proved 
encouraging because each trap used 20,000 times 
as n^uch of th^ synthetic attractant as the live 
female produceiS, but the total cost-of the chemi- 
cals for 70,000 traps was. only about 50 cents, 

A second important class of physiological 
compoimds is hormones, which regulate the 
growth, development', and reproduction of in- 
sects and other invertebrates. Enough is known 
'aBbi\t insect hormones to undertake the develop- 
mentVof selective hormonal insecticides, which 
selectivtely disrupt the insects' physiological 
processes. Because these processes do not occur 
in higher animals, there is a good possibility 
that hormonal insecticides in reasonable doses 
would not affect wildlife, fish, domestic animals, 

Juvenile hormones ( JH) currently offer the 
greatest immediate potential for c^mercial de- 
velopml^nt. These hormones, occtirrihg natur- 
ally in low concentrations at various points in 
the life cycle of an inse9t^ can disrupt a wide 
range of body fimctions when appli^^d in greater 
quantities or at a different time in the life cycle 
of an insectl For example, they can adversely 
affect development and reproduction, terminate 
diapause (a hibernation-like stage in insect de- 



velopment), and prevent; eggs from hatchihg. 

Success in mosquito control hus been reposed 
with synthesized insect hormones in Califoniia. 
A 99 percent i-eduction in the level of thfe spi^- 
cies Aedes nigrom<i€ulis^ known to be titally 
resistant to convejitional pesticides, wasSpb- 
tained in trial applications of a JH, {3) 

Control through the use of synthetic insect 
JH ana^logs is progressing witJi significant in- 
du^^trial intere^, {3) Large-scale field testing 
was initiated in Central America during the 
winter of 1971, witih future trials on more than 
2 dozen insects and 20 different cix>ps scheduled 
,,inm2. (74^) 

Further development of JH is hindered by 
prciblems of syntliesisj high production costs, 
the lack of toxicity data, and insufficient ili- 
formation on the effects oh nojitarget ihsects. 
Some JH and related compounds are simple 
^nolecules, however, so tiheir mdustrial produc- 
tion should be economically feasible. / 



summ^ , 



Cultural methods and genetic resistance^re 
two approacihes to pest control ^Vhicih are in 
widespread use in agriculture. Because they are 
basically preventive measures, their importance 

r>/ can easily be underestimated. INIetabolic altera- 
t^ions, by contrast, are designed/ri)r use in areas 

, with existing pest "populaitionsY While in an 
early jstage of development, metabolic tech- 
niques appear to have great ixyfcential for pest 
conti-pl in the future. 
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chapter 4v 
biological and 
other control 
methods 

In addition to the metihods described in Chap- 
ter III, several other techniques of pest suppres- 
sion are in various stages of development These 
range from such traditional biological controls 
as tlie releasex>f predators and parasites, to long- 
reooghized blit barely developed methods such 
as the use of pest-specific diseases, and to more 
recent techniques such as pest sterilization or 
the use of electromagnetic radiation. 



predators and parasites 

. The use of predators- and paraisites — natural 
pest enemies — is alm<>^ synonomous with "bio- 
logical pest oontral" today, All plant and animal 
species are sub'j^ to natural' forces that contrpl 
their iX)pulation levels. Natuml enemies, along 
witli other enviromnental influences, maiJitain a 
natural balance among popufations of plantand 
animals in an ecos3^m. , - . 

There is iittle question tSiafthe' parasites, v 
predators, and diseases (discussed in later 
section) kx'isting in a field are the greiCtest 
resource that we have for eflective pest suppres* 
sion and managemejit. Without natural con- 
trols, satisfactory insect pest control by any 
single or combination of means would become 
virtually impossible. Although this view cannot, 
be documenteja in a strict sense, it can be shown 
by the many [examples of serious insect pest 



problems emerging A\'lien beneficinrHnsects were 
killed by broad-spectmm insecticides. 

The deHiberate use of natural pi^atore and 
parasites depends on the mature of the. pest. If 
the- pee* is native to this country, ^^^^"^^^^ 
usufl/lly ootfisists mainkt^f creating on environ- 
ment favorable to the\u1Mval oj tSie predator 
or parasite and if necessary, increasing-its num- 
bers by timed periodic releases of 'mq^-.rej^d 
insects. ( See Table 4. ) 

0 S ' • • ^ 

Examples Df Parasite? and Predators of Potential Value In 
Pest Suppression Through inundatlve Releases « 



Biological control agont 



Nematodes: 

DD-138 (BiotrolNCS):/..''.^^- 

HeUrot]flenchu» atUumnalii^. 

Reuhnermii nielienl 

Parasitic Insects: 

ApanUU* siH^ies 

Bracon kirkpatrlek 
> Cubanfly i , 

Ly9iphUbu9 tettauipes 

MacrocentruM aneylivoTUs... . 

MacroUrtfiflavit.^.^ 

MieropUtiM 

PedtoWu* foviolatiit 

Several tacbl nld flies i . . 

Trichogramma >. . 

Fbytopbagous Insects: 

/4a<wicZ<«' (beetle) 

Bactra reraiana(inottO 

Predacious Insects: 

C^ccineUa (lady bugs) r 

^Crvptolamut montrouzieri ^. 

rmppodamia Oady bugs) 1 - - 
Otber: . 

Clfprinldon variagataa <salt water 

flsh) V 

Dong beetles - 

Oamfjuiia (freshwater flsh) — - . 

MarUa (snail).... 

MoWenetia latlplnna (saltwater 

flsb) ^ 

White amur.'. . 







CodUhg moth; European corn 

borer. ^ 
Foceflie^ 
Mosquitoes. 

Various caterpillars/ 
Piqkbollworm, 
Sugarcane borer. 
Aphlds. 

Oriental fruit moth. 
Brown soft scale. 
Bollworm complex. ^ 
Mexican bean beetle. ' . 

Bollworm complex. \ 
Various moths and buttcr|lies. 

AUig&torweed. 
Nutsedge. 

Aphids.' 

Mealy bugs and soft scale. 
Aphlds; bollworm complex.- 

• > • ; ■ ■ 

Mosquitoes. 
Hornflles. 
Mosquitoes. 
Aquatic weeds. 

Mo3quitbes> , 
Aquatic weeds. 



Many of our major pests are of foreign origin.- 
(19) Wh^n a pest has been introduced from 
another country, the chancie of (Control by nJi- 
tive enemies is slight. It is therefore necessary 



to search for natural enemies of the pest in its 
' original habitat. The search for predators and 
parasites is often long and laborious, and the 
potential adverse impacts of their importati<?n 
must be taken into account. 

The use of parasites and pn^dators has some 
distinct advantages over othior methods of pest 
suppression. Once , populations oi^ a natural 
enemy are completely established, control of 
the pest is relatively long lasting in perennial 
ecpps. For annual crops whose postharvest re- 
mains are destroyed yearly, control depends . 
on continued introduction of natural enemies. 
The long-term benefits of ^ biological control 
make the method relatively inexpensive. (7^) 

In 1944, two species of leaf -feeding beetles 
were introduced to suppress Klamath weed, a 
weed of foreign origin which spread over 4.6 
I'million acres in California and adjacent States.^ 
(See Figure 5.) In a relatively few years, these 
predatory beetles were successful in checking 
further spread of the weed. Unaided by supple- 
mentary means, they reduced Klamath weed to 
the extent that it was no longer of economic 
significance in California. (2) The investment, 
for control wa^ only $200,000 to $300,000. Con- 
sidering the number of years^rjgince control was 
* successful, the savings from not applying herbi- 
cid(BS, and the in(;;rease in lan^ values as a result 
of killing the weed, the benefits from the pro- 
gram ma^ now be conservatively calculated at 
several million dollars. ' - 

The effectiveneS^^Aof several* ^nails an(ftidi 
(for Example, the marisa snails and the white 
amur fish) for control of certain aquatic weeds 
has\been demonstrated in exploratory studies. 
WorK needs to be intensified to exploit the full 
potentialities of these* biological agents to con- 
trol the weeds that infest ponds, reservoirs, 
lakes, streams, canals,* and other waterways. 

Trichogramma^ a tiny wasp that is an egg 
parasite of most butterfly and moth pests, has 
been used successfully to control the cotton boll- 
worm, diteti the parasite is used like a chemi- 
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cal insecticide. When pest populations threaten 
to get out of hand, huge numbdrs of the wasps, 
fwhich have been reared in insectaries, are re- 
' leased to destroy the pest If permanent con- 
,trol is not obtained, they can again be rele!is6d 
to suppress further infestations. This causes 
little disruption , of the ecosystem and is eco- 
nomically competitive with chemicals. (48) 

It has been clearly demonstrated that certain 
soil organisms may be suppressed or destroyed 
by the. action of other soil-inhabiting' sj^ro- 
phytes (plants which live off dead or decaying 
organ] chatter) 'or |iredato*rs. However, in con- 
figurers V 

Range s)! Klamath In the western United States^ 
Prior, to Introduction of Predatory Beetles (63) 




trast to developments in biological contrpl of 
insects, direct use of parasites- or antagonists 
for controlling plant pathogenic fungi or bac- 
teria has not been explored intensively and 
results of experiments have not been consistent. 

Biological control of nematodes holds some 
promise, but it cannot be fully exploited until 
the microbiological ecology of the soil is under- 
stood and becomes subject to management. (17) 
Many types of microscopic plants and animals 
are parasitic, predacious, or pathogenic to plant 
nematodes. Tliese organisms already exert con- 
side^-able influence in limiting nematode popula- 
tions and reducing crop losses. {17, JfO) 

The effectiveness of natural enemies of nema- 
todes is usually regulated by the orgaijiic sub- 
strate in soil. Natural enemies of nefnatodes are 
generally increased or 'maintained by the or- 
ganic mijjjer' in soil, wJiose chemical decomposi- 
tion products are toxic to nematodes. To fully 
exploit their potential for biological control, 
the life histories an<J population dynamics of 
these organisms must be manipulated and 
regulated through management/ of the soil 
environment. 

The techniques involved in carrying out a pest 
control program based on the release of natural 
enemies are sophisticated and complex. Owing 
to limited investigation of new agents and the 
lack of the necessary insect-rearing facilities, 
only a small fraction of the total number of 
natural enemies of the more important pests 
has beeil identified, ' 

When a natural enemy of a pest is located 
and introduced,' there is no guarantee that it 
will be effective. It may be unable to adapt com- 
pletely to its new surroundings, and even when 
fully established, the predator or parasite may 
be only a minor influence on the population 
dynamics of the pest. 

The introduction of inSfect parasites and 
predators poses potential hazards to ecosystems. 
The possibility of such organisms attackinglna- 
tive insects that may be beneficial, or at least 



not harmful, exists. An ^^elaborate screening 
procedure, therefore, must be eitiployed to pre-^ 
vent such threats. . 

Likewise, in importing biocontrol agents such 
ad insect enemies of noxious weeds, extreme care 
must be taken to'ensure that they- will not be- 
come pestd of fceneficial plants. Insects that at- 
tack a we^d-host might conceivably attack a 

« hattefficnlly related beneficial plant. In view of 

' fliis, intensive investigations are undertaken 
'pi^or to introductions and i^eleases. If there is 
any evidence of. the insect's capability to survive 
on a useful plant, the species are not imported. 
' Boimdari'es are another problem inherent in" 
iany biological controPprogram. When a preda- 

' tor is released, it is virtually impossible to con- 
fine it to the place where it is released. Preda- 
tors and parasites placed in one field are just as 
likely to occupy neighboring 'fields as the one in 
which they, are released, so that the benefits of a 
particular release are often liard to define. For 
this reason biological control is better suited to 
a regtenal rather than to a farm-by-farm pest 
control effort. ^ 

The difficulties created by the mobility of 
predators are twofold. First, pest control for a 
species in one locale may affect that species in 
areas where it is considered beneficial. For ex- 
ample, the use of a smalY hQQtley Agasicles^ to- 
^control the alligator weed in the South has both 
proponents and antagonists. 'Considered a seri- 
ous water pest by many, this plant was ju(iged 
by others as an important food source forswild- 
"^life. Qther examples include the cacti, ^bonsid- 

' ered by some as weeds and by others as 
ornamentals and an emergency sour^ of food 
for cattle linder drought condition^, and tlie salt 
cedar, a weed pest that is an importantmabitat 
for doves. ^ | 

*^ \ Second, populations of natural.^_ene;aftifes re- 
leased in one field may be adversely affected by 
pesticides used in a neighboring field. Thus, due 
to diffelrences in neighboring conditions, the 
overall effectiveness of a biological control at- 



tempt can be drastically reduced. p 
Importations of predators and parasites hayfe 
resulted in complete control of 42 pests,^QjK)- 
stantial control of 48 pests, and partial control 
of 30. (19) S^c examples of biological control 
in the United States aVe contained in Table 5. 
Altliough these are but^a fraction of our impor- 
tant pests, few other methods have resulted in 
such long-ternrconffol. / ^ 

microbial agents 

•Another very promising control technique is 
the use of pathogenic (disease-causing) micro- 
organisms such as bacteria, viruses, protozoa, 
fungi, and Uieir byproducts to control a given 
pest sp^cies/^iS^l) Their potential has been 
recognized since the turji of the century, when, 
for ^example, the nuclear polyhedrosis virus of 
the gypsy moth was considered although not 
fully developed for control of the gypsy moth. 

Some time before 1930, the EuropeaA spruce 
sawfly was introduced into Eastern Canada. 
During the following decade, it proliferated in 
the absence of a specific virus which had kept it 
in check in Europe. Spreadijig through New 
--Brunswick, through Newfoundland, and down 

• into the Northeastern United StateSj the sawfly 
killed. several* thousand square mile^ of stand- ^ 

"^^ing timber, ^o^e time in the' middle 1930's 
the virus disease >vas introduced from Europe 
into Canada apparently by accident, ahd in 1937 
and 1938 it wa^ known to have killed larvae from 
Quebec to Vcirmont and New Hampshire. By 
1940, this tremendously harmful population of 
insects was virtually decimated, and damage 
essentially cea^sed. The virus disease was later 
introduced into Newfoundland with the same 
beneficial results. ((7) ' , " 

Similarly, th^vEuropean pHne sawfly is largely 
controlled in Europe by a nuclear polyhedrosis 
virus, but the inseqt was introduced many years 
ago into the North American continent without 
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&ulhiplos of Biological Control fn the United States {19) 



Pest 



AUal&i weevil 

Alfalfa weevil , 

Avooddo mealybug. 



Black scale .-. 

Brown-tail moth.. 



cUlfornlB redMale. ^ , . . . 

cereal le^f beetle 

Chinese grasshopper 

I Citrophilu* mealy bug 

y Clover l^f weevil. 

^V^oconut scale 

> Obmstook mealybug.: 

Cowony cushion scale........ 

Etiropean larch st^wfly 

European pine sawfly .... 

European pinesboot moth 

European spruce SQWfly 

European wheat 9tem sawfly. 

,Floridaredscale..... 

Greenhouse whitefly 



Japanese l^eetle 

Larch casebearer 

Lin()en aphid 

New Guinea sugarcane weevil. 

Nigra scale :.. 

Olive scale 



Oriental beetle 

Oriental moth 

Pea aphid...... 

• Pink sugarcane mealybug..:... 

Purple scale 

Rhodes grass scale 

Rhodes mrass scale^ . 

f; .Sati n moth - . 

Spotted'alfal^aphid 

Sugarcane aphid 

Sugarcane leafliopper 

Taro leafhopper 

Torpedo bug plant hopper 

Walnut aphid .C... 

Western grape leaf skeletonizer. 
White peach scale. 



Yellow scale. 



Weed 



Alligator weed 

Klamath weed. : . . . . 
Lantana rangeweod. 

Prickly pear.. .. 

Puncture vine 

Tansy ragwort.. . . . . . 



Crop attacked 



in 



Alfalfo in California 

Alfalfa in Mid-Atlantic States 

Gu£va, avocado, flg, mulberry 

Hawaii 

Citrus in California 

Deciduous forest and shade -trees in 

Northeastern United States... 

Citrusin California ; 

Gralnin Michigan: 

Sugarcane in Hawaii 

Citrusin California 

Eastern United States 

Coconut and other palms in Hawaii... 

Apple in Eastejh United States 

CitrusJn California..... ^ 

Northeastern United States 

Eastern United States 

Northeastern United States...:... 

Northern United States 

Eastern United States... 

Citrus in Florida 

'Vegetables and ornamentals in New 

York 

Turfin Eastern United States... 

Northeastern United States 

Linden trees ln California.^. 

Sugarcanein Hawaii .1 

Ornamentals In California 

Olive, deciduous fruit trees, oma- 

mentalsin California 

Sugarcanein Hawaii... 

Shade treesin Massachusetts t. 

Alfalfa in North America : 

Sugarcanein Hawaii -.- 

Citrusin Texas and Florida -., 

Grass in Florida : 

Grass in Texas ^ 

New England,, Paclflc Nbrthwesti.*:.. 
Alfalfa In Southwestern Unit^ed States. 

Sugarcane jn Hawaii 

Sugarcane in Hawaii - - ^ 

Toro in Hawaii 

Coffee, mango, citrus, etc., In Hawaii.. 

English walnut In California 

Grapevinein Unlted States 

Mulberry^ papaya, etc., in Puerto 

Rico 

Citrusto California 



iisH^^Callfi 



Southea.stcrn United States... 

Pacific States 

Hawall.L , 

Santa Cruz Island, California. 

California and Hawaii... 

Pacific States 



Typo of natural enemy 



Parasite iBathvpUdes) . 
Parasltei 



Parasite [( Pseudaph vtis) ^ 
ParasiteiXA/rfopAi/cui). . . 



•Parasites « 

Paraslteb : 

Parasltelb 

ParaslteJcScci/o) 

Parasltefe... 

Porasltefe.... "... 

PredatcJ^(TeWTnto) 

ParasItS .... . 

Predata|r {Veddia beetle)....... 

Parasites 

Parasit^ ....^ 

Porasltfcs 

Parasitk.... 

Farasitea..; 

Aphviii holoycanthus from Israel. 

Parasite {Enearsia) from Israel. 

Disease and parasites 

Parasites ^ 

Parasites... 

Paraslfce iCeromasia) 

Parasite {Mttaphycus) 



Parasite (Aphytit) 

Parasites..., 

Parasite (^ChaeUxori$ta) 

Paras te (AphidiuB) 

Parasite (Anagyrit) 

Paraajite (Aphytit).,'. 

ParaJite , IC... 

Parasite.. ... . A - . ... . 

Parajjlte.. . ........... .1.:^. . . . . 

Pdrdsltes'and resistant varieties^.).... 

Parasite, variouk predators.. :' 

Predfator (Cyriorfiinus) 

Pre<|ator iCytorhinus) ^*.-. 

Parasite (Aphanomerus) 

Parasites...': 

Parjiaites 



Predator {Chihconts)., 
Parasite 



AaaticUs beetles. 

CnrytoUna beetles 

Several moths and beetles 

Cochineal scale and coreld b'ugs. 

MicTolarinui beetles 

dinnabar moth ..- 



r 



Degree of control 



Substantial 
Complete* 

Substantial 
Substantial 

Complete 
Substantial 
Substantial 
. SubstantloJ^ 
Complete 
Completed 
Substantial 
Complete 
Complete 
Substantial, 
Complete 
Substantial 
Substantial^ 
Complete 
Sub;stantial' 

Substantial* 

Substantial 

Substantial 

Complete 

Substantial 

Substantial 

Substantial 

Substantial 

Substantial 

Substantial 

Substantial 

Complete 

Complete 

Substantial^ 

SubstaHtial 

Substantial. 

Substantial 

Complete 

Substantial 

Substantial 

Complete 

Substantial 

Substantial 
SubstantUU 



Substantial 
Complete 
Substantial 
Substahtial ■ 
Substantial some areas 
Partldl to complete ^- 
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this -specific disease. In 1949, the insect caused 
severe damage in pino plantations and tree 
nurseries in Southern Ontario, in Quebec, and 
in the Northeastern United States. (See Figure 
6.") A few diseased specimens were ^ent from 
Sweden to Canada for propagation. In field 
experiments the virus controlled the insects in 
both Canada and the United States. (P, 22) 
Indeed, in this case^also*, its spreading in the 
population provided substantial natural control. 

Although only two bacterial pathogens have 
been registered for use in the United States, 
numerous additional bacterial and viral patho- 
gens are under development for pest control. 
(See Table is.) The viruses occur naturally in 
;the environment, and their epidemics often 
decimate high pest populations. Their advan- 



FlgureS 

Range of European Pine Sawfly Prior to 
Introduction of its Nuclear Polyhedrosis Virus (18) 




tago in pefet control is that they are highly spe- 
ci^c ; most are able to infect only one insect 
species. 

Concern has been expressed that these patlio^ 
gons may mutate to attack desirable species. 
However, insect pathologists believe that the 
likelihood of such changes is very rempte. Be- 
cause these pathogens occur in astronomical 
nunibers in nature, it is unlikely that industrial 
production would significantly ^ increase 'the 
chances of such mutation. For example, nuclear 
polyhedrosis^ viruses currently under develop- 
ment are unique. They are rod-shaped, contain 
double-stranded DNA, and have a special pro- 
tein .coating. They have no (mown counterpart 
in other animal or plant viruses. , ^ 

The two federally registered pathogens, both 
bacterial agents, Bdcillus popilliae (milky 
spore disease) and ^cillvs thuringienais^ have 
been shown to be quite elTective in the control 
of Japanese beetles and nunierous caterpillar 
pests, respectively. Research is currently in 
progress on the latter to demonstrate its ability 
to control the gypsy moth, a serious hardwood 
forest pest in the Northeastern United States. 
Moi:e than 1 million pounds of this pathogen is 
sold annually in the United States for the con- 
trol of caterpillars on vegetables and cotton. 

In addition to the two registered bacterial 
agents, temporary permits have bee^n issued by 
the Environmental I^i:otection Agency for pilot 
testing of theyHeliothis polyhedrosis virus to 
control the bollworm (a serious pest of corfi, 
cotton, tobacco, and tomatoes). Field experi- 
ments are well underway with the specific 
viruses of the cabbage, looper (a major pest of 
cole crops), the gypsy\noth, the Douglas fir 
tussock moth, and the pine sawfly. Use of these 
micro-organisms in insect control awaits proof 
of safety and reliabilitTy and better mass pro- 
duction methods. The promise of effective and 
environmentally sound pest control with these 
agents makes this research of paramount im- 
portance. . ' ^ ^ , 



Examples of Pathogens under Development by Go¥emme°i?hnil/or Industry for Use Aealnst Agricultural and 
Fofist Pests '(ffi) 



PMhogttiifl under commcrtfal prodactJoa ^ 

Baemut poj^aiiae (Tradt^ name— i>oom) 
BaeOIusthuTinoitniii ^ 
(Trade names—Blotrol • BTB 
Thuriolde • 

DIpel, Poraiporin Baktbane • 
L69, Agrltrol • ) 
Nuclear polyhedrosla virus ^ 
(temporal^ label) 

(Trade namea—BIotrol VHZ, Viron/H •) 



PkUioceiui under eerlons deTelopment 
Viruses 

(Product names— Poly viroclde 
BlotrolVPO 
BlotrolVSE 
Blotrol VTN) 



fxuigM&^HirstUetta ih&mpiimii \ 
Metarrhizium anifopliae 

Beauveria txuiiana 
(Product mmiQ^BIo^roI FBB) 
"Protoio&nr-Notema locusiae 



Paihogena kaowv; but not yet under aerlous derelopnient 
Nuclear polybedrosia viruses 



Nuclear poly hodrosW viruses 



Important agrlcultunil pc«t0 cdntrolled 

J/^paUesQ beetle . Xt 
,epIdopterous pests^^^fhWao of moths and butterflies) 



Cotton bollworm (corn earworm) 



IniporUnt agrlcultunil pesta Involred 

Cabbage looper 
Diamond back moth 
Beet armyworm 
Tobacco budwronn 
Pink bollworm 

Cotton leaf perforator ' 
Alfalfa looper 
Fall armyworm 
Saltmarsh caterpillar 



Douglas fir tu^ock moth 
Gypsy moth 
Codllns m<)th 
Hed^banVed leaf roller 
European pine sawfly 
J*Inesawfly . 
Spruce budworm 
Soybean looper 
Citrus red mite 



Mosqul^ 
Citrus rust mite 

Pecan weevil,, cornborer, leafhoppers, sugarbeet curc^UIo, cutworm frog- 
hopper, rhinoceros beetle, wheat qockchafer 
Corn rootworm, white fringed beetle, Colorado potato beetle 

MaJoV range grasshopper species In Montana ^ ~, " * 



Ihiportant agricultural peata Involved 

Yellow striped army worm 
Almond moth 
Indian meal nioth * 
Cottoti leaf worm 
Alfalfa looper ^ 

Important foreat^peata controlled 

Qreat Basin tent caterpillar 

Western tent caterpillar 

Eastern tent caterpillar 

Hemlock looper (Western and Eastern) 



* Mention of proprietary names does not constitute endorsement by the 



Council. 
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There are few examples of plant pathogens 
intentionally used to control weeds iri agricul- 
ture, despite the fact that plants are quite sus- 
ceptible to diseases. The devastation caused by 
Dutch Elm disease, chestnut blight, and other 
plant pathogens of desirable plants, however, i3 
an indication of the potential effectiveness that 
a selected pathogen of a weed may have. Inten- 
sive research is needed for discovery, evalua- 
tion, and provision of. neces$iary safeguards be- 
fore pathogens of weeds can i?e release<l Also^ 
needed are investigations to gain an under- 
standing of the life cycles and behavior of path- 
ogens in order to develop means of multiplying, 
dispersing, and causing them to attuck'harmful-' 
weed species. ^ _ 



sterilization 

' Sterilization of insects was conceived as a 
possible control method about 30 years Ugo. 
(70) If a significant number pests in a popu- 
lation can be sterilized, the obvious result will 
be a decline in numbers. • r ^ , 

- ' Since 1937 it has becii recognized that cer^ • 
taiii chemicals can i>e usc^l for direct steriliza- 
tion of insects in the fidd. The chernicals, de- 
veloped" by the Agricultural Research Service 
^ of ^ the Depai-tment of Agriculture, hav^ ,not 
been employed because they are highly reactive 
compounds with the potential for causing ad- 
verse environnlental ejects. 

Fi^ld applications of the sterilization tech- 
nique have usually involved the mass rearing 
of an insect pest, its'stcrilization by irradiation,^ 
and its release in the area of infesfecition. The 
,if-Vadiation causes the reproductive cells of the 
exposed (usuwly'male) insect to be damaged 
so that eggs fertilized by it cannot, develop. 
Thus, if each of the sterile, males mates ^veral 
times with fertile females, a sufficient sterile, 
release can decimate the population. This, ineth- 



od is totally specific to a single pest species, 
and with sufficient continued releases,' eradica- , 
tioii of a species from airurai may be possible. 
Eradication of the^sci-ewworm from Curasao, 

' a Caribbean island, Xvas accomplished in 1955 
by sterile rcleastis. {:]8) The technique was later 

'us(?d in a successful effort to eliminate this cat- 
tle pefet fi-off^ho Southeastern United States 
and to control it in the SoVithwestv Conducted ^ 
over a 17-monfeh period, the.pix)gram used over 
3,25 billion' flics on 85^000 squares miles of' the 
Soutlipast!; (Jtf); Steril?. male screww.orms con- 
tinue to be released alpng the U.S.-Mexican 
border and in' areas of outbreaks in an effort 
to prevent serious yeinfestation. Beginning 
in 1973, it/ is expect^ that .eradicatio^ofr 
the screw worm will 'bl>Uttempte^ throughout, 

Mexico. • r ' 

Althougli early success with the screwwc^m 
was encouraging, many outbreaks have occurited 
in the Southwest during 197^. Tl>ese outbreaks 
Have resulted from a combinafion of factors in- 
cluding uilfavorable weather conditions - and 
. relaxed preventive measures (e.g., llduced sur- 
veillancfis/and year-round breeding instead of 
scheduling births^ occur in the winter months 
when*- calves are least susceptible to attaQk)^ 
This case illustrates the need for continuing- 
^surveillance, preventive measures, and knowl- 
edge of the' relevant factors in any successful 
pest control program. 

Mqre recent attempts to eradicate 13 other 
ins^t species by the sterile male technique have 
also had ^e difficulties, (28) Most of these 
cifees repi^iT-sented a'reas densely populated with 
pJbts, and the sterile males released comprised 
feoo^mall a fraction of the population to result 
rn -^^lificant pest- control.. The field tests did 
show^te-Trapabi)ity of the sterile male tech- 
' uique toWduce insect population levels dras- 
tically in ai^cas with already low pest densities. 
•The tech/ique can also work well in*co;ijunc- 
' tion with other mbthodTtix^'educe pest popula- 
rtion levels. 
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As in the case of biological oontmls, thei-e is 
insufficient knowledge of how to mass-rear cer- 
tain insects, and even when knowledge is avail- 
able,, there is a lack of facilities to do so. 



other methods 

There is a wide range of ideas" for new i:>est 
control techniques. Antifeedant oheniioals offeo- 
a unique approach in tliat insect pests are iii- 
hibited from eating a cmp. By chemically mak- 
ing tilie crop repugnant to the insect, it must look 
elsewhere for food. 

Chemical i-epellents drive insects away from 
the area to be protected. The earliest repellent 
known is smoke. Oils an<I plant extracts later 
camq into use. Synthetic oliemicai repellents 
were developed after" 1935, but these generally 
were for nuisance insects, such as mosquitoes, 
ratlier than for plant pests. (^) 

Electromagnetic energy can also be used as a . 
nondhemical control metliod. The range of en- 
ergies includes radio. frequency, infi-ared, ultra- 
violet, x-ray, and gamma ray. The effects vary 
from disorientation of the pests and other be- 
havioral effects, to sterilization, and to lethal 



* 

effects. With the exception of sterilization, few, 
if any, major field successes can be cited, largely 
because current costs and lack of technology 
lutre thws far confined most^x{Xirience to the 
laboratory. -Research oontin^ in tlliese new 
areas^^ the liopt^tliat they will result in im- 
Wf^nt new means of control. 



summary 

Several promising techniques of |)est supres- 
sion are now in various stages of development. 
Nono alone offers the hope of adequate pest 
contix>l, and witfli most of. them there are ob^ 
stacles that must be ovTercomo prior to wide- 
spread use. Of the techniques described^ in this 
chapter, biological controls and pest ^eriliza- 
tion have been used in major pest control efforts 
but are still available only for a small fraction 
of the important pests. Patiliogens have ^ been 
employed only to a limited extent but appear 
to hold great promise for tllie future. Other 
tcchnrques in early stages of development are 
likely to play an important role in future pro- 
grams of pest control. 



chapter V 
the federal role 



Integra>tecl pest maimgement can provide op- 
timal strategies for controlling major agricul- 
tural and forest pests. It should bring into prac- 
tice a wide array of techniques vnth minimal 
environmental impiact and at lower costf thian 
current practices. The challenge is, to overcome 
the many obstacles wjiich interfere with the 
large-scale implementation of this approach. 
The Federail Government can -help to meet this 
challenge. 



development of new techniques 

As described in, Chapters III and IV, there are 
many new tedhniques of pest contml in various 
i^ges of development ^whioh have potential as 
important tools in a pest management program. 
Tlieso and otW techniques Aeed to be developed 
so that crop protection specialists will hs^ve more 
flexibility in determining the best control 
methods for varying conditions. 

Currently, the Federal Government is heavily 
committed to pest control research. Although 
in tihe past much of this effort was related to 
development .of ne\v chemical ' pesticides and 
improved application techniques, a large frac- 
tion today is devoted to basic research on pe^ 
and to tilie development of nonchemical con- 
trols. In fiscal year 1971, the* Department 
of Agriculture (USDA), charged with pri- 
mary responsibility for pest control, budgeted 
$75,194,000 for pest control research. The major 
allotments wore $2^31,000 for basic studies, 
$29,994,000 for noncliemicaL control metihods, 
$14,874,000 for safer and more effective use of 
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^/pesticides, andL$5,967,000 'fw idfeniification of, 
/ the effects and fate of pesti^^ides. {65) ' 
To emphasize the need for better i>est control, 
the President announced compi'ehensive, new 
integrated pest management initiatives in his 
February 8, 1972, Environmental Message to 
tihe Congress. TJiese initiati\xs incUided added 
fimds for research and development, demon- 
strations of new techniques, and the stimula- 
tion of manpower training programs. ' 

A major research thrust has been initiated to 
develop new techniques for integrated p^t man- 
agement. The new $^ million per year pro- 
gram of the National Science Foundation 
(NSF), the Environmental Protection Agency 
(EPA), and tlie USDA will be conducted with 
many of our. leading universities. It will focus 
on carrying laboratory research tlirough to field 
applications on six majOr crop systems : cotton, 
alfalfa, soybeans, pine, pome and stone fruits, 
and citrus. 

Much work will be done in this program to 
determine the economic threshold levels of all 
the signifi'cant pests of these crops. Research 
will also attempt to develop new cultural methr 
ods as well as biological agents to control the 
most serious pests. The unifying theme of the 
research will bo to develop an understanding of 
tlie ecology of these agriculAaral ecosystems and 

' to apply this understanding to development of 
more effective integrated pest management 
methods for these and other crops. It is antic- 
ipated that significant new control measures 
will be developed within 3 to 5 years. ^ ^ 

4j Many promising new pest control and de- 
tection techniques await field testing prior to 
wider-scale use.. The USDA initiated al|f 

, $800,000 field testing program in fiscal year 1972 
and is expanding it to a $2.8 million annual* 
effort beginning in fiscal year 1973. This pro- 
gram will involve field testing several of^ie 
more promising deletion and control tech- 
niques. Although ^icli technique requires ap- 



proxij;nVtely 3 years of testing before results are 
final,^the level of funding will jil low many tests 
to be run. simultaneously. 

Among the techniques which, appear suitable ^ 
for field feasibility testing awi the tiny para- 
sitic wasp, ' Trichograirwia^ for tobacco bud- 
worm and sugarcane borer; a wasp-liko parasit^ 
of tlie gj'een bug on sorghum ; Bacillus thurin- 
giensis for cotton boll worm, cabbage looper, 
and gypsy moth suppression; sex attractants 
for the boll weevil (cotton) and for the codling 
moth and red-banded leafroller (apples) ; the 
sterile male technique for the boll weevil, pink 
boll worm, codling moth, tobacco horn worm, 
tobacco budworm, corn earworm, and hornfly 
of cattle and for Caribbean, Mediterranean, 
and oriental, fruit flies {3T) ; and several ap- 
proaches to weed control {70), 



demonstrations 

The^ State Extension Services are responsible 
for providing instruction and information on* 
modern agricultural teehnology. The Exten- 
sion Service, in cooperation with the Animal 
and Plant Health Inspection Service of USDA, 
State Agricultural Experiment Stations, and 
State Departments of Agriculture, has con- 
ducted a pilot cotton field scout program. To 
further the acceptance of field surveillance in 
insect control, cooperative Fcdefal-State pilot 
scout programs were initiated in 1971' with a 
project on cotton in Arizona and tobacco in 
North and South Carolina, two crops which re- 
ceive heavy pesticide doses. The program was 
expanded in 1972 to incli^de projects on cotton 
in all the major cotton-prod^ucing States,and on ^ 
apples, potatoes, alfalfa, sweet corn, and some 
vegetable crops. It is expected that additional 
crops and areas will be included in. 1973. Al- 
though to date projects l\*Arc been conderncd 
basically with the pest complex of a single crop 



and almost entirely with insect pests, ultimately 
these programs will involve pest management 
of the entire agricultural operation in an area. 

Participating farmers will share in paying 
the scouts' salaries for the first 3 years, after; 
which users are expected to bear the entire ♦ 
costs. This program is intended to generate im- 
mediate employ;ment opportunities for current- 
and future trainees' as private crop protection 
specialists. * ' 

In contrast to private sector pest control, 
which is predominantly agricultural and struc- 
tural (control in and around buildings). Fed- 
eral programs are directed more toward^^for- 
est 'and public health protection, weed control 
in navigable waters and irrigation ditches, and 
quarantine and inspection programs. Despite 
the diflFerent emphases and the diversity of its 
programs, the Federal Government will take the 
initiative in demonstrating the desirability of 
integrated pest management in jits own pest 
control programs. j 

To accomplish this, the President called for 
a review of all Federal pest contrctl programs 
' to determine which ories could incorporate or 
demonstrate the concept of integrated past man- 
agement and new pest control TecHniques. This 
, review will be conducted by the Federal Work- 
ing Group on Pest Management, an; interagency 
committee created in 1961. The Working Group 
reviews the technical aspects of all major Fed- 
eral pest control programs, of which there were 
over 3,800 in 1971. ^/ " 

skilled manpower 

The future of integrated pest management 
will be determined in large part by the supply 
of adequately trained manpower. To provide 
the many professionals and subprofcs^ionals 
needed to make . recommendations and carry 
out ecological field surveillance, the President 



has directed USDA and the Department of 
Health, Education, and Welfare (HEW) to 
work together to assist in developing suitable 
curricula and training programs at appropriate 
academic institutions throughout the country. 
Besides providing trainees with 'field experi- 
ence, pro-ams will also provide for retraining 
individuals from other disciplines. One can 
anticipate a significanjt ^lemand in agriculture, 
industry, and various leyels of government for 
individuals trained in pest management. With 
. apMOximately 350 million acres in agricultural 
crop pi-oduction in the United Stjftes, excluding 
pasturclands, there is a^ potential demand for 
several thousand professionals and many thou- 
sands of field scouts. ^ ' 

Over the past few years, NSF has supported 
the training of a number of graduate students in " 
the field of integrated pest management. These' 
students will help to provide the teachers neces- 
sary to train future crop protection specialists. 

The USDA will work with States to develop 
certification programs for private crop protec- 
tion specialists/ Ceitification will help assure 
farmers of the experience and ability of those 
certified individuals employing modern- crop 
protection techniques. It will also allow the 
identification of crop protection specialists so 
that they may continue to be informed of new 
developments in pest control. 




pesticides : k 

Chemical pesticides will be used even with the 
full implementation of integrated pest manage- 
ment. Thus, the Federal Government must con- 
,tinue research and other efforts to prevent prob- 
lems resulting from human and environmental 
exposures to pesticides. Federal effort has in- 
cluded considerable research on the effects of 
pesticides upon man, animals, and the environ- 
ment The health effects of pesticides will be 



ohe of the subjects of study at the new National 
Center for Toxicological Research at Pine Bluff, 
' Ark., established jointly by the Food and Drug" 
Administration and EPA. 

Pesticides hate been regulated by the Federal 
Government since 1910. m) The current la.w, 
the Federal Insecticide, Fungicide, and Roden- 
ticide Act (FIFRA), as amended in 1959 and^ 
1964, (23) requires that chetaical pesticides b^ 
registered with EPA prior to their sale or move- 
ment in interstate commerce and that they must 
bear warning statements and instructions on the 
label to prevent injury to people, animals, and 
plants. . 

Because FIFRA provides inadequate author- 
ity to prevent some, of the .haiTnful environ- 
mental effects described in Chapter I, the Presi- 
dent proposed a new ^deraJ Environmentr^I 
Pesticide Control Act in his 1971 Environ- 
mental Message to the Congress. Among the 
important provisions of the Administration's 
bill are : authority to control the use of all pes- 
ticides through "restricted" and "permit only" 
categories of use which ^it?quir(3Jfi|br supervision' 
of certified individuals^ streamliiii ng* of proce- 
dures for cancellatif^ and suspension of 
pesticides; registratic/^ aud inspection of estab- 
Jishments manufacturing or processing pesti- 
cides; ai^d, authority for the Administrator of 
EPA to regulate the disposal or storage of 
pesticides and pesticide containers. 

A bill containing many of the provisions of 
the Administration proposal was passed by the 
House of Representatives in 1971. The Senate 
passed a similar bill in September 1972. The 
bills are now in conference.' 

While^ EPA currently regulates pestici^Jes, 
the USD A conducts a number of pest control 
programs. Agricultures plant protection and 
quarantine programs prevent entry into the 
United States of plant pests from foreign 
sources, control the intei^tate movement of ^ch 
pests as the gypsy moth and the fire ant, and 
control insect pests such as grasshoppers that 



build up periodically to the level of large-scale 
outbreaks. The agricultural quarantine pro- 
gram employs inspectors at ports of entry to 
intercept dangerous pests. The inspectors also 
certify commodities and passenger baggage as 
pest- free through inspection or treatment. Plant 
. protection programs strive to eliminate or con- 
tain pests introduced in local areas, to prevent 
new pest problems in uninfested areas, and thus 
to reduce the • need for widespread control 
measures. ^ ^ ^ 

Because less persistent but generally more 
toxic pesticides are being used in greater quanti- 
ties, the threat of acute poisonings from pes- 
ticides has correspondingly increased. The Oc- 
. cjipational Safety and Health Act of 1970 (^) 
encompasses measures to protect both industrial 
and agricultural workers. The Act requires that 
employees maintain records of worker exposure 
to hazardous chemicals, including pesticides. In 
addition, it empowers the Natiwial Institute of 
Oc^cupational Safety and Health of HEW to 
develop the basis for standards and regulations 
which are promulgated and enforced by the De- 
partment of Labor to protect workers from ad- 
verse effects of hazardous chemicals. 

HEW and Labor are currently developing ' 
further S?t4indards 'and i^egulations under the Act 
to prevent hazardous exposures of farmworkers 
to pesticides fmm contaminated surfaces. The 
sfandards are expected to set time intervals for 
workers to reenter a field after it has been 
treated with pesticides. 



summary 

The Federal Grovemment has been involved 
with the regulation and registration of pesti- 
cides for over 60 years. The Administration's 
proposj^d Fedei-all Environment^il Pesticide Ccm- 
trol Act of 1971 attempts to sti-en<rBien conti-ols, 
particularly to restrict harmful uses. In Febru- 



e^ry 1972, the President initiated new programs 
to promote the concept of integrated ^est man- 
agement through increased research on . new 
techniques, field testing and demonstrations, 
and development of programs for training crop 
protection specialists. Tliese new programs and 
existing Federal efforts are aimed at developing 



a wide range of integrated pest management 
tedlmiques and the manpower and institutional 
bases for tlteiv widespread adoption. Only 
through such development can we ultimately 
resolve the dilemma of i^roviding adequate food 
for a 'burgeoning population and.minimii^ing 
damage to the environment. 



> 



/ 



(2) 
(3) 

J" 

(5) 
(6) 
(7) 

(S) 
(9) 



Aldrich, Daniel, Jr. 1968. "World Food and Popu- 
lation Crisis.'' iSdence 162 :1309-10. 

Andres, Ll<^d A* 1971. "The Suppression of Weeds 
with Insects." In Proceedings; Tall Timbers 
Conference on theological Animal Control by 
Habitat Management, 'i^o. 3. Pp. 185-95.' 

Anon. 1971, "Insect Hormone Mimics Near 'l^ar- 
ket" Chem. d Eng. News 49:33-34. November 
29. 

Anon. 1971. "Pheromones Basis of Moth Con- 
trol.'* Chem. d Eng, News^ ^9 :19S0. August 9. 

Baker, K,F., and Smith, S.ti. 1966. "Dynamics of 
Seed Transmission of Plant Pathogens." Ann. 
Rev. Phytopathol. 4 :311-=34. 

Baker, K.F., and Snyder, W.C. (eds.). 1965. 
Ecology of Soilbome Plant Pathogens. Berke- 

" ley : University of California Press. 

Balch, R.E., and Bird, F.T. 1944. "A Dijsease of 
' the* European Spruce Sawfly, Gilpinla hercyniae 
(Htg.), and Its Place in. Natural Control." 8ci. 
Agr. 25 :65-80. 

Beroza, Morton. 1972. ".Aflttractants and Repel- 
lants for Insect Pest Control." In Peat Control 
Strategies for the Future. Washington : Na- 
tional Academy of Sciences. Pp. 226-53. . 

Bird, F.T. 1953. "The Use of the Virus Disease in 
the Biological Control of Uie Eiiropean Pine 
Sav/f^, Ncodiprion scrtifcr {Gcoffr.)." Can. En- 
tomol. 85 :437-46,, 

Borkovec, Alexej. B. 1966. Insect Chemosterilants. 
Vol. y^ll of Metcalf, R.L. (ed.). Advances in 
Pest Control Research. Ne«v York : Intersciehce 
Publishers. " f 

Borlaug, N.E. 1953. "New Approach to the Breed- 
ing of Wheat Varieties Resistant to Puccinia 
graminis tritici.'' Phytopathoh '^S A61 (abstr.). 

Brodie, Bill B., Good, J.M:, and Jaworski, C.A. 
1970. "Population Dj-namics of Plant Nematodes 
in Cultivated Soil : Effect of Summer Cover 
Crops in Newly Cleared Land." J. Nematol. 
2:217-22. 

Brown, A.W.A. 1968. "Insecticide Resistance 
Cpmes of Age." Bull. Entomol. 8oc. Amcr. 
14:3-9. A 

Brown, aH^A., and Pal, R. ;1971. Insecticide * 
Resistance in Arthropods. Monogr^ ^er. No.-38^^ 
, pome; World Health Organization. ^ y 



U5) 
(16) 

t {18) 

{20) 



(2n 

{22) 



{23) 

{2/f) 
{23) 

{26) 
(27) 
{28) 



Burges, H.D., and Hussey, N.w!\l971. Microbial 
Control of Insects a^id Mites. London : Academic < 
Press. 

Canada, Department of Agriculture. Information 
provided to the Council. 

Cooke, Roderic. 1968. "Relationships Between 
Nematode-Destroying Fungi and Soil-Boriie 
Phytonematodes." Phytopathol. 58:90^13. 

Davidson, A.G., and Prentize, R.M. (eds.): The 
In}^ortant Forest Insects and Diseases of Mu- 
tual Concern to Canada, the tlnited States and 
Mexico, Department of ^Forestry and Rural 
Development in Canada Pub. No. 1180. 

Debach, Paul, 1972. "The Use of Imported Nat- 
ural Enemies in Insect P.est Management 
Ecology." In Proceedings: Tall Timbers Con- 
ference on Ecological Animal Control by Habitat 
Management. No. 3. Pp. 211-53. 

Dietrick, Everett J. 1972. "Private Enterprise 
Pest Managenient Based on Biological Con- 
trols." In Proceedings: Tall Timbers Confer- 
ence on Ecological Animal Control by Habitat 
Manageynent. No. 4. In press. 

Dietrick, Everett J. Unpublished data. 

Dowden, P.B., and Girth, H.B. 1953. "Use of a 
Virus Disease to Control the European Pine 
Sawfly." J. Eicon. Entomoll! 46 : 525-26. 

The Federal Insecticide, Fungicide, and Roden- 
ticide Act, ch. 125,^61 Stat. 163 (June 25, 1947), 
as amended 7 U.S.C. ^ 135 et seq: 

The Federal Insecticiiaes Act, ch. 191, 36^ Stat. 
335 (Apr. 26, 1910). 

Glaser, R.W., and Chapmaq, J.W. 1913. "The 
Wilt Disease of Gypsy Moth Caterpillars." 
J. Econ. Entomol. 6 : 479-88. ^ 

Good, J.M. 1972. "Management of Plant Para- 
sitic Nematode Populations." In Proceedings: 
Tall Timbers Conference on Ecological Animal 
Control by Habitat Management. No. 4. In 
press!^ J 

Good, Ml. 1968. "Relation of Plant Parasitic 

» Nematodes to Soil Management Practices." In 
Smart, Grover C; Jr., and Perry, V.G. (eds.). 
Tropical hematology. Gainesville: University 
of Florida Press. 
'Hansberry, Roy. 1068. "Prospects for Nonchemi- 
cal Insect Control— An Industrialist's View." 
Bull. Entomol. Soc.Amcr. 14:229-35. 



37 



»' • ■ ^ 

. (29) Hanson, A.A. 1971. "A^Directed Ecosystem Ap- 
. pr^ech to Pest Control' and Environmental 
Quality." J. Environ. Qual. 1 : 45-54. 
(5(?) Hartman, Ronald, C. 1971. "Biqlogical Fly Con- 
trol Spreads." Poultry Dig. Pp. 224-27. May. 
(31) Heimpel, A.M. 1965. "Microbial Conttol of In- 
" sects." World Rev. Pest Control 4(4) :150-61. 

(52) Hickey,^J.J., Keith, J.A., and Coon, F.B. 1966. 

"An Exploration of Pesticides in a Lake Mich- " 
Igan Estuary." J. Appl. Ecol.'S (suppl.) : 141-54. 

(53) Hoffman, -C.H. .1971. "Restricting tW Use of 

Pesticides—What Are the Alternatives?" In ' 
Economic Research on Pesticides for policy 
Decision Making. Whshington : Department of . 
Agriculture, Agricultural Research Service. 
Pp. 21-30. 

(5-J) Jensen, N.F. 1952. "Population Variability in 
-Small Grains." AgMi. J. 57:153^2. 

(35) Johnson, H.W. 1972. "Development of Crop Re- 

sistance to Diseases and Nematodes." J. En- 
viron. Qual. 1(1) : 23-27. 

(36) Knipling, E.F. 1971. Statement presented before 

the Senate Committee on Agriculture and For- 
estry, Subcommittee on Agricultural Research 
and General Legislation. Sept. 30. - 
^7) Knipling, E.F. 19G8.. "The Potential Role of 
Sterility for Pest (^ntAol." In LaBrecque, Get^ 
main C, and Smitm cJlrroU. Principles of m- .-^ 
sect ChemostcrilizatiQTU Nesv'^ork: Appl^n-/ 
fJfcntury-Crofts. Pp. 7-^0. ^^ZJ 
(38) LaChance, L.E., Schmidt, C.H., and Bushland, 
R.C. 1907. "Radiation-Induced Sterilization." - 
In Kijgore, Wendell W., and Doutr!; Richard L. 
(eds.). Pest Control: Biotpgical,^ Physical and 
Selected Chemicat Methods. New York : Aca- 
demic Press. Pp. 1-^7-96. 
(S9) Luginbill, Philip, Jr. lfH)9> '^pevelopfng Resistant . 
Plants — Tlie Ideal Methocf of Controlling In- 
sectf^." Product Res. Rep., No. 111. Washing- 
ton : Department of Agriculture, Agricultural 
Research Service. 
(//(?) Mai, W.F. (Chr., Suhcom.'). 19G8. Control of Plant 
Parasitic Ncmatodcii. Vol. 4 of Principles fif 
Plant and Animal Pest Control. Vnh. No. 1C9C. 
WasJ^^gton: National Academy of Sciences. 
(ffl) McClellan, W.D., Department of Agriculture, 
Agricultural Research Service. 1971. "History 
of Research by the U.S. Department of 
Agriculture on Domestic and Foreign Pests 
" Emphhsiiing the Development of Biological 
^nd (f)ther Alternative Methods of Control." 
(mimeo) 



(It2) N^vsom, L.D. 1970. "The End of an Era and 
f^ure Prospects for Insect Control." In Pro- 
ceehmgs: Tall Timbers Corlf^ncc on Ecologi- 
cal Animal Control hy Habitat Management. 
No. 2. Pp. 117-36. 
(43) The Occupational Safety and Health Act of 1970, 
P.L. 91-595, 91st Cong., 2d Sess. (Dec. 29, 1970), 
co()ified at 5 U.S.C. §§ 5108, 5314, 5315, 7902, 15 
U.S.C. § 063, 636, 18- U.S.C. § 1114,. 29 .U.S.C. 
§§ 553, 651-78, ''42 U.S.C. §3142-1, 49 U.S.C. 
§1421'. 

(U) Painter, Ruth R. 1967. "Repellents.'^ In Kilgore, 
Wendell W., and Doutt, .Richard L. (edte.). 
' Pest Control: Biological, Physical and Selected 
Chemical Methods. New York : Acacfemic Press. 
Pp. 267-85. • " ^ 

(45) Pimentel, David. 1972. Information provided to 

the Council. 

(46) Pimentel, David. 1972. "Pesticides, Pollution and 

Food Supply.'* Compilation of Department of 
Agriculture data. Submitted to*5toscjeucc. 
(^7) Presley, John T.; arid Bird, Luther S. 19Q8;. /'Dis- 
eases^ and Their Control." In Elliot, F'reil^C., 
Hoover, Marvin, and Porter, ^V^llte^ Ivv^jr. 
^ (eds.). Advances in Production and Utilization 
of Quality Cotton: Principles and Practices. 
Ames : Iowa State University . Press. Pp.. 347- 

60. . - • 

(48) llincon-Vitova Insectaries, Inc. 1972. Information^, 
provided .to the Council. 

(40) Robbins, W.E. 1972. "Hormonal Chemicals for 
Invertebrate Pest Control." In Pest Control 
Strategies^ for the Future. Washington: Na- 
* tional Academy, of Sciences. Pp. 172-96. 

(50) Rudd, R.L. 1971. "Pesticidt^." In Murdoch, Wil- 

llaW W. (ed.). Environ^nt: Resources, Pollu- 
tioA and Society. Sfamfbtd, Conn. : Sinaifer As- 
sociates. Pp.~^79-301. 

(51) Ruud, Louis A., Jr., California Agriciiltural Servr 

ices, Kerman, Calif. 1972. Information provided 
to the Council. 

(52) Sanford, G.B. 19.59. "Root Disease Fungi as Af- 

fected by Other Soil Organisms.*- In Holton, 
C.S. (ed.). Plant, Pathology, Problems and 
Progress 1908-1958, Madison; University of 
'Wisconsin Press. Pp. 367-76. 

(53) Smitli, R.F. 1970. "Pesticides: Their Use and 

Limitations in Pest Management." In Concepts 
of Pest Management. Raleigh : North Carolina 
State University. Pp. 103-18. ' - ^ 




Smith, R.F., and Van. den Bosch, Robert. 1967. 
"Integrated Control." In- Kilgore, Wendell W., 
and Doutt, Richard Jj. (eds.). Pesi Control: 
Biqlogical, Physical and Selected Chemical 
Methods. New York : Academic Press. Pp. 295- 
* \ * 340. 

(55) Sprague, G.F., and Dahms, R.G. 1972. "Develop- 
. /ment of 'Crop Resistance to insects." J. En- 
viron. Qucd. 1(1) 'i^Sr^; 

(56) Stanford "Research Institute. 1972. Environ- 

mental Indicator^ for Pesticides. Contract re- 
port to the Council on Environmental Quality. 
Based on U.Sr^ariff Commission and Census 
Bnreau figures. NTIS Order No. PB 210-666. 

(57) Stevens, R.B. 1960. "Cultiiral PracUces in Dis- 

ease Ontrol." In Horsfall, J.G., and Dimond, 
A.E. (eds.). Plant Pathology, an Advanced 
Treafiae. Vol. 3. New York : Academic Press. 
(58.) Strong, Richard D., California Farm Bureau 
Federation. 1971. Cited in Smith, Ray F. "So- 
lutions to Problems Associated with Agricul- 
tural Chemicals : What Is Being Done by the 
Universities/' (mimeo) 

(59) Suneson, C.A. 1960. "Genetic Diversity— A* Pro- 

tection Against Plilnt Diseases and Insects." 
AffrotLj. 53:319-21. 

(60) United Nations, Food and Agriculture Organiza- 

tion. 1968. The State of Food and Agriml- 
ture. Rome: Food and Agriculturcv Organiza- 
tion. ^ 
.(ffi) U.S. Department of Agriculture. 1972. Informa-, 
tion pro%dded to the Council. 

(62) U.S. Department of Agriculture. 1971. "Scouting 

Cotton Insects Increases Profits and Reduces 
' Insecticides." News. Oct. 4. ^ 

(63) U.S. Department of Agriculture. 1970. Selected 

Weeds of the United States. Agricultural Hand- 
book No. 366. Washington : Government Print- 
ing Office. 



{64) 
(65) 
{66) 

{67) 

(68) 
{60) 

{70) 

{7X) 

{72) 
{73) 

; 

(74) 



V 

V 



U.S. Department of Agriculture. 1967. Agricul- 
tural Statistics. Washington : Government 
: Printing Office. 

U.S. Department of Agriciilture; Econoanic Re- 
search Service. 1972. Information provided to 
the Council. , ^„ _ i 

U.S. Department of Agriculture, Economic Re- 
search Service.. 1970. Quantities of Pesticides 
Used hy. Farmers: Agr. Ecoi^. Rep. No. 179. 
Washington : Government Printing Office. 

U.S^ Department:o(f Agriculture, Economic Re- 
search Service. 1988. Extent of Farm Pesticide 
Use on Crops tn Agr. Econ. Rep. . No. 147. 
Washington : Government Printing Office. 

U.S. Department of Agriculture, Forest Service. 
•1972. Information provided to the Council. 

U.S. Department of Healtli, Education, and Wel- 
fare. 1969. Report of the Secretary's Commission 
on Pesticides and Their Relationship to En- 
virontal Health. Parts I and II. Washington : 
Government Printing Office. ' ^» 

U.S., President's Science Advisory Committee. 
1965. Restoring . the Qu0t\ of Our Environ- 

* ment: Report of the Environmental Pollution 
P^nelf President's ^ience Advisory Committee. 
Washington : The White House. 

Van den Bosch, Robert, and Stern, V.M. 1969. 
"The Eff^t of Han'esting Practices on Insect 
Populations in.Alfftlfa." In Proceedings: Tall 
Timbers Conference on Ecological Animal Con- 
trol hy Hahitat Management. No. 1. Pp. 47-54. 

Walker, J.C.'1957. Plant Pathology. New York: 
McGraw-Hill Book Co., Inc. 

Young, Roy A. (Chr., Subcom.). 1968. Principles 
of Plant and Animal Pest Control. Vol. 1 of 
Plant Disease Development ayid Control. Pub. 
No. 1596. Washington : National Academy of 
Sciences. ^ 

Zoecon Corporation. Inforpaatlon provided to the 
Council. , , ' < - 




ajppendix contribtutors 



The following Individuals and organizations served A niajor role in advising the Council on Environmental 

^ Quality on integrated pest management 



Mr. Bvetett J. Dietrick 
Rincon-Vltova Insectaries 
Riverside, California 



Dr. R. L. >JDoutt * 
Division of Biological Contrpl ^ ^ ■ 

University of California, Berkeley 
Berkeley, California ^ - 

Dr. Louis Get^in , „ 

Western Washington Research and Extension Center 

Puyallup, Washington 

; ' % V . . 

Dr. Lawrence Gilbert • 
Department of Biology 
Northwestern, University ' 
Evanston, Illinois 



Mr. C. H, Musgrove ' 
Specialist, Integrated Citrus Pest Manaagpent 
Riverside, California ^ 



Dr, L. Dale NewSom 
Department of Entomology 
Louisiana State University 
Baton Rouge, Louisiana 

Mr. John Nickelsen 

Association of Applied Insect Ecologists 
Shafter, California 

Dr. Richard Norgaard 
Department of Agricultural Economics 
University of California, Berkeley 
Bef-keley , . Calif oi;-nia 



Dr. David Pimentel 
Department ^f Entomology 
Cornell University 
Ithaca, New Yo^k 

Dr. Paul Santelmann 
Department of Agronomy 
Oklahoma State University 
Stillwater, Oklahoma 



Dr. Robert van den Bosch 
Division of Biological Control 
University of California, Berkeley 
Berkeley, California 



Representatives from : 

Department of Agriculture 

Department of Defense ° 
« ■ , ■ 

Department of Health, Education, and Welfare 

^ ■• • ■ ■.' ' / • 

' Department of the Interior 

Environmental Protection Agency 

National Canners Association 

Niagara Chemical Company 

Office of 'Management and Budget 

Office of Science and Technology 



^■Q . U^. GOVERNMENT PR1N71KG OFFICE: 1872 O-464-590 



